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GENERAL INTRODUCTION
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Cancer of Unknown Primary (CUP) is a metastatic cancer with no identifiable 
primary tumour origin (1-4). In most cancer cases, there is a clear onset of the 
primary tumour and its progression, but sometimes metastases are the first 
symptom while the primary tumour cannot be found despite the completion 
of initial diagnostic workup and histological and/or cytological verification. In 
general, a cancer diagnosis has a major impact on the patients’ life as well as 
that of their relatives. The uncertainty of cancer patients is even more complex 
for CUP patients, as it remains unclear what type of cancer it is and whether 
treatment(s) is possible. 

Incidence and survival 
CUP is a frequently diagnosed cancer and ranks fourth place in the most common 

metastatic forms of cancer (5, 6). Over the last 10-20 years the global CUP incidence 

has decreased from 3-5% to 1-2% of all cancers (7). This decline derives from 

multiple factors such as increased availability and improved diagnostic accuracy 

of advanced diagnostic imaging (7, 8); increased variety and accuracy of molecular 

tracers to detect the primary tumour origin; early detection of the primary tumour 

origin and metastasis by cancer screening which may support tumour regression; 

changes and agreement with respect to coding-criteria for recording cases in 

cancer registries (9); and possibly due to a lower prevalence of exposure to risk 

factors like smoking and alcohol consumption (2, 10). 

Hitherto, survival patterns for CUP patients remain poor. The median survival 

ranges between three to ten months after the first hospital visit. Survival times are 

dependent on the histology of the malignancy, as well as the general condition of 

the patient (e.g. age and/or comorbidities) (11). Adequate timing with respect to 

diagnostic and pathology examination(s) is important as delays can postpone the 

start of the treatment(s) and, hence, affect its effectiveness (12). 

CUP-definition
The United Kingdom’s National Institute for Health and Clinical Excellence (NICE) 

guideline (2010) on cancer has categorised CUP according to three definitions 1) 

malignancy of undefined primary origin (MUO), 2) provisional CUP: metastatic 

epithelial or neuroendocrine malignancy identified based on microscopical 

verification (histology and/or cytology), and 3) confirmed CUP: metastatic epithelial 

or neuroendocrine malignancy identified based on final histology, with no primary 
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1site detected despite a selected initial screen of investigations, specialist review, and 

specialised investigations as appropriate (9, 13). These NICE-criteria are particularly 

useful in clinical settings; however, population-based research datasets contain a 

mixture of CUP cases without a clear distinction between provisional or confirmed 

cases. The International Classification of Diseases for Oncology has defined CUP as 

an ‘unknown primary site’ if a tumour is metastatic and the primary site is unknown. 

This definition is more applicable for population-based research. Yet, this definition 

has been updated over time, which complicates the measurement of time trends. 

In addition, there are international differences for coding criteria that are applied 

by cancer registries. For example, in the Netherlands, the cancer clinical practice 

guidelines define CUP as metastasis of an unknown primary tumour origin, based 

on a cytological and/or histological proven metastasis of cancer (14). The mixture 

of CUP-definitions makes it very difficult to compare this entity between countries 

(7, 15). Overall, cancer registries pursue to register all cancer cases, for which data 

derive from pathology excerpts and hospital discharge papers. Accordingly, the 

quality and completeness of these data influence the possibility to correctly record 

cancer cases. Incomplete data could, therefore, result in a misdiagnosed CUP.

Advancements
As briefly introduced, decreased CUP occurrence may be a result of improved 

diagnostic imaging methods and molecular profiling (7, 12). In the Netherlands, 

positron emission tomography (PET) was introduced and implemented in 2000-

2005 for detecting malignancies more accurately. Alongside the introduction 

of PET, there have been advances in specific serological tumour markers (16), 

immunohistochemical techniques (17-19), gene expression-based profiling 

(20), endoscopy (21), and magnetic resonance imaging (MRI) (22), computed 

tomography (CT) (16), and 18F-FDG PET-CT (23, 24). The introduction of PET and 

the increased use of tumour marker analysis paralleled the decrease in CUP 

incidence, it may be that both techniques individually/combined contributed to 

the identification of primary tumour origins as well as metastases (2). In particular, 

the 18F-FDG PET-CT method has proven to be valuable in identifying primary 

tumour origins (23, 24). In the Netherlands, another important asset is the use 

of a national population screening programme for cancers of the breast, cervix, 

and colorectum. This programme is intended for early detection and localisation 

of diseases, which enables more effective treatment(s) (25). Early detection may 

also influence CUP occurrence, as prompt treatment involves treating a primary 
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tumour before it can metastasise. Furthermore, whole-genome sequencing is 

found to be effective for identifying primary tumour origins based on genotyping 

in some CUP patients. The identification of these primary tumour origins may be 

utilised to stratify patients towards specific therapies for precision medicine in 

cancer (26, 27). In addition, mutational profiling is found to be useful for identifying 

specific molecular pathways which derive from patterns of exposures that are 

linked to cancer cellular mechanisms that may be used for therapies (28). Another 

important asset to improve the identification of primary tumour origins may lie 

in the assistive use of artificial intelligence (29). The advancements in diagnostic 

imaging and insights of the abovementioned novel techniques have great potential 

to improve the detection and prediction of tumour subtypes and subsequently 

guide treatment decisions for CUP patients (26, 28, 29). The disease occurrence 

may, therefore, continue to decrease in prospective years (2).

Unidentifiability of the primary tumour
Pathologists have described several mechanisms that may explain the inability 

of identifying the primary tumour origin, despite the completion of extensive 

diagnostic and/or pathology investigations; 1) the primary tumour may not be 

recognized as the primary tumour due to atypical histologic features, 2) there has 

been a malignant transformation of ectopic tissue; which was frequently seen for 

extragonadal germ cell tumours (if the germ cell phenotype of a malignant tumour 

was unclear, it may have been classified as CUP, 3) the primary tumour was removed 

before it became evident after having seeded metastases (history of genitourinary 

tract surgery or related interventions), 4) the primary tumour disappeared as a 

result of growth inhibition of the primary lesion due to response of the immune 

system, therefore, it may have shrunk until extinction, or 5) the primary lesion spread 

to one or several metastatic sites before becoming malignant (30). Nonetheless, 

it is also possible that other factors played a role in the decision to refrain from 

further diagnostic investigation such as age, comorbidities, performance status, 

localisation of metastasis, or the patient’s decision. In general, cancer treatment(s) 

is targeted at the primary tumour origin. The inability of identifying the primary 

tumour, thus, complicates organ and tumour specific treatment possibilities (6). 
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1Cancer risk factors and cancer prevention
Various risk factors are linked to increase a person’s risk of cancer development. 

Overall, cancer prevention recommendations advise to not use any form of 

tobacco, maintain healthy body weight, be physically active, consume a healthy 

diet (including whole grains, pulses, vegetables and fruits, while limiting the 

intake of foods high in sugar or fat, sugary drinks, processed and red meats, and 

foods high in salt), and avoid alcohol consumption (31-38). A study has indicated 

that for cancer overall, approximately 42-50% of the cases could be prevented 

if exposures are controlled effectively (39). In 2018, the WCRF/AICR updated ten 

cancer prevention recommendations concerning lifestyle factors such as diet, 

nutrition and physical activity (31). Previous studies have demonstrated that 

adhering to these recommendations, is associated with lower cancer risk, and with 

lower total and cancer mortality (40, 41). However, whether adherence to these 

recommendations is also associated with CUP risk, has not been studied before.

Rationale and aim of this thesis
Despite the frequent occurrence and bleak prognosis of CUP, research into its risk 

factors remains particularly scarce. Consequently, it remains unclear whether CUP 

has a specific risk factor profile. The identification of risk factors is important to 

guide cancer prevention. Therefore, the aim of this thesis was to investigate the 

association between individual lifestyle components: 1) alcohol consumption, 

cigarette smoking, anthropometry, physical activity, vegetable and fruit 

consumption, meat consumption, family history of cancer, and diabetes mellitus 

in relation to CUP risk, and lifestyle as an overall component by studying 2) whether 

adherence to the WCRF/AICR lifestyle recommendations for cancer prevention is 

associated with CUP risk. Finally, we decided to combine our findings with the 

existing epidemiological evidence in an up-to-date comprehensive review. 

Study design and population
Most studies were performed within the context of the Netherlands Cohort Study 

on diet and cancer (NLCS). This prospective cohort includes a study population of 

120,852 participants (58,279 men and 62,573 women) aged 55-69 years at baseline in 

1986. Participants originated from 204 Dutch municipal population registries (42). All 

participants completed a mailed, self-administered questionnaire on dietary habits 

and other cancer risk factors at baseline in 1986. The questionnaire was evaluated for 
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its validity and reproducibility (43, 44). Efficient data processing and analysis were 

achievable by applying a case-cohort approach. Subsequently, incident cancer cases 

were derived from the full cohort, while the number of person-years at risk for the 

full cohort was estimated from a subcohort of 5,000 participants who were randomly 

sampled from the full cohort at baseline in 1986 (42). The institutional review boards 

of the Netherlands Organization for Applied Scientific Research TNO (Zeist) and 

Maastricht University (Maastricht) approved the execution of the NLCS. 

To generate a CUP-dataset, we identified incident CUP cases through annual record 

linkage of the full cohort with the Netherlands Cancer Registry (NCR) and the Dutch 

Pathology Registry (PALGA) (45). Participants were followed up for 20.3 years (from 

17 September 1986 until 31 December 2006). Information regarding the site of the 

metastasis was obtained from the NCR, supplementary information was retrieved 

from PALGA pathology excerpts. CUP cases were categorised according to histology 

(adenocarcinoma, undifferentiated carcinoma, squamous cell carcinoma, neuro-

endocrine carcinoma, and other carcinoma); according to the number of metastases 

(multiple metastases of the same type were counted as one metastatic site, e.g., 

bone metastases in hip and vertebra were counted as one); according to localisation 

of the metastasis (up to four locations), and according to survival duration (≤1 and 

>1 year after diagnosis). In our studies, CUP is defined as a metastasised epithelial 

malignancy with no identifiable primary tumour origin after cytological and/or 

histological verification during a patient’s lifetime. This definition solely includes 

epithelial malignancies according to the International Classification of Diseases 

for Oncology version 3: M-8000 - M-8570. For this purpose, cases with sarcoma, 

lymphoma, mesothelioma, and melanoma were excluded.   

Outline of the thesis
The following chapters of this thesis describe the investigation of the risk factors 

that were studied in association with CUP risk. First, individual lifestyle components 

are investigated: alcohol consumption and cigarette smoking in Chapter 2, 

anthropometry and physical activity in Chapter 3, vegetable and fruit consumption 

in Chapter 4, meat consumption in Chapter 5, family history of cancer in Chapter 

6, and diabetes mellitus in Chapter 7. Second, lifestyle as an overall component 

by measuring adherence to the WCRF/AICR lifestyle recommendations for cancer 

prevention and CUP risk is described in Chapter 8. A comprehensive review on 

epidemiological findings of CUP risk factors is presented in Chapter 9. To conclude 

this thesis, the results and future recommendations are discussed in Chapter 10.
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Abstract
Cancer of Unknown Primary (CUP) is a metastasised malignancy with no identifiable 

primary tumour origin. Despite the frequent occurrence and bleak prognosis of CUP, 

research into its aetiology is scarce. This study investigates alcohol consumption, 

tobacco smoking and CUP risk. We used data from the Netherlands Cohort Study, 

a cohort that includes 120,852 participants aged 55-69 years, who completed a self-

administered questionnaire on cancer risk factors at baseline. Cancer follow-up 

was established through record linkage to the Netherlands Cancer Registry and 

Dutch Pathology Registry. After 20.3 years of follow-up, 963 CUP cases and 4,288 

subcohort members were available for case-cohort analyses. Multivariable adjusted 

hazard ratios (HRs) were calculated using proportional hazards models. In general, 

CUP risk increased with higher levels of alcohol intake (Ptrend = 0.02). The association 

was more pronounced in participants who drank ≥30 grams of ethanol per day (HR: 

1.57, 95% CI: 1.20-2.05) compared to abstainers. Current smokers were at an increased 

CUP risk (HR: 1.59, 95% CI: 1.29-1.97) compared to never smokers. We observed that 

the more cigarettes, or the longer a participant smoked, the higher the CUP risk 

was (Ptrend = 0.003 and Ptrend = 0.02, respectively). Interaction on additive scale was 

found for participants with the highest exposure categories of alcohol consumption 

and cigarette smoking frequency and CUP risk. Our findings demonstrate that 

alcohol consumption and cigarette smoking are associated with increased CUP risk. 

Lifestyle recommendations for cancer prevention regarding not drinking alcohol 

and avoiding exposure to smoking are therefore also valid for CUP.
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Introduction
Cancer of Unknown Primary (CUP) is a heterogeneous group of metastasised 

malignancies with no identifiable primary tumour origin 1, 2. Cancer treatment, if 

any, is generally based on the primary tumour origin, which makes treating CUP 

challenging. Another complexity, is the absence of consensus on a CUP definition. 

Due to the use of different definitions globally, it is difficult to compare this entity 3. In 

the Netherlands, the cancer clinical practice guidelines advise to use the definition 

‘CUP’ if the patient has a metastasis of an unknown primary tumour origin, based 

on a cytological and/or histological proven metastasis of a cancer 4. In 2018, CUP 

accounted for approximately 1,300 incident cases in the country, this contributed to 

almost 2% of all cancers as registered by the Netherlands Cancer Registry (NCR) 5, 6. 

CUP occurrence is equal in both sexes. On average, patients are aged 74 years 

at diagnosis 5. The disease primarily concerns adenocarcinoma (ca. 60%) and 

undifferentiated carcinoma (ca. 20%), with the most common metastatic sites 

of presentation being the liver (ca. 40%) and lymph nodes (ca. 20%) 2, 7. In the 

Netherlands, the overall median survival for patients with a CUP diagnosis between 

2010 and 2012, was 1.7 months 2. Despite the frequent occurrence and bleak 

prognosis of CUP, research into its aetiology is particularly scarce. Potential CUP 

risk factors that have previously been identified include diabetes, family history of 

cancer, waist circumference, and smoking 8-11. 

Lifestyle recommendations for cancer prevention have described both alcohol 

consumption and tobacco smoking as modifiable cancer risk factors. These 

recommendations advise against drinking alcohol and avoiding exposure to 

smoking 12-15. To date, few studies have investigated the association between alcohol 

consumption, tobacco smoking, and CUP risk 10, 11, 16. Two prospective cohort studies 

investigated alcohol consumption and did not observe an association with CUP risk 
10, 11. Three studies demonstrated a strong association between smoking and CUP risk 
10, 11, 16. None of these studies, however, assessed the association between smoking 

duration and CUP risk, and one did not investigate smoking frequency 16. Therefore, 

we aimed to investigate the association between alcohol consumption, tobacco 

smoking and the development of CUP in greater depth. We hypothesize that 1) 

CUP risk is higher in participants with a high intake of alcoholic drinks, 2) CUP risk 

is higher in participants who smoke, and that 3) there is a multiplicative or additive 

interaction effect between alcohol consumption, tobacco smoking and CUP risk.
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Material and Methods
Design and study population
The Netherlands Cohort Study (NLCS) was started on 17 September 1986 and 

includes 120,852 participants aged 55-69 years at baseline from 204 Dutch 

municipalities. Data processing and analyses were based on the nested case-cohort 

design. Cases were derived from the full cohort while the number of person-years 

at risk for the full cohort was estimated from a subcohort of 5,000 participants who 

were randomly sampled from the full cohort at baseline 17. 

Outcome measure 
In this study, CUP is defined as a metastasised epithelial malignancy with no 

identifiable primary tumour origin after cytological and/or histological verification 

during a patient’s lifetime. This CUP definition only includes epithelial malignancies 

(ICD-O-3: M-8000 - M-8570), which excludes for example sarcoma, lymphoma, 

mesothelioma, and melanoma. 

Follow-up
Cancer follow-up was established through annual record linkage of the full cohort 

with the NCR and the Dutch Pathology Registry (PALGA), to identify CUP cases within 

the NLCS 18. Information regarding the site of metastasis was obtained from the NCR, 

but data was only partially available and, therefore, supplementary information was 

requested and retrieved from PALGA pathology excerpts. These pathology excerpts 

were also used to determine whether cytological and/or histological confirmed 

cases had been correctly categorised in the data received from the NCR. 

After 20.3 years of follow-up (17 September 1986 until 31 December 2006), data 

was available for a total of 1,353 potential CUP cases. After excluding those cases 

without microscopical confirmation or non-epithelial histology, a total of 1,073 

CUP cases remained. These CUP cases were further subdivided: according 

to histology (adenocarcinoma, undifferentiated carcinoma, squamous cell 

carcinoma, neuroendocrine carcinoma, and other carcinoma); according to 

number of metastases (multiple metastases of the same type were counted as one 

metastatic site, e.g., bone metastases in hip and vertebra were counted as one); 

according to localisation of metastasis (up to four localisations); and according to 

survival duration (≤1 and >1 year after diagnosis). The subcohort consisted of 4,774 
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participants after excluding members who reported a history of cancer (except for 

skin cancer) at baseline. Participants were also excluded when there were missing 

values on alcohol consumption or cigarette smoking. As a result, 963 CUP cases 

and 4,288 subcohort members were available for investigation (see Figure 1). 

Questionnaire data
All cohort members completed a self-administered questionnaire, which included 

detailed questions on alcohol consumption, tobacco smoking, and other cancer 

risk factors. Alcohol consumption was measured over the year preceding baseline, 

and was addressed by questions on beer, red wine, white wine, sherry, other fortified 

wines, liqueurs and liquor. Frequency of alcohol consumption ranged from ‘never’ 

to ‘6-7 times per week’, and information on the number of glasses consumed per 

day. Participants who reported ‘never’ or consumed ‘less than once per month’ 

were considered abstainers. Four items from the questionnaire (red wine, white 

wine, sherry, and liqueurs) were combined into one single wine variable since these 

items were substantially correlated and separate analysis would have resulted in 

small numbers of subjects within each stratum. Mean daily alcohol consumption 

was calculated by using the computerized Dutch food composition table 19. Based 

on pilot study data, standard glass sizes were defined as 200 ml for beer, 105 ml 

for wine, 80 ml for sherry, and 45 ml for both liqueurs and liquor, corresponding to 

8, 10, 11, 7, and 13 grams of ethanol, respectively. The food frequency questionnaire 

was validated against a 9-day diet record. The Spearman correlation coefficient 

between alcohol consumption as assessed by the questionnaire and that estimated 

by the diet record was 0.89 for all subjects and 0.85 for alcohol consumers 20, 21. 

Tobacco smoking was addressed through questions on baseline smoking status, 

and the ages at first exposure and last (if stopped) exposure to smoking. Questions 

were also asked about smoking frequency, and smoking duration (excluding 

stopping periods), for cigarette, cigar, and pipe smokers. As the vast majority of 

smoking subcohort members were cigarette smokers, analyses were restricted 

to that particular group. Based on the questionnaire data, the following cigarette 

smoking variables were constructed: cigarette smoking status (never, ex, current); 

frequency (cigarettes per day); duration (years); and time since smoking cessation 

(years). Participants who indicated that they had never smoked cigarettes were 

considered never smokers. Time since smoking cessation was calculated as age at 

baseline minus age at smoking cessation. To avoid collinearity problems, smoking 

frequency and smoking duration were centered as proposed by Leffondré et al. 22.
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Statistical analysis
Person-years at risk were calculated from baseline (17 September 1986) until CUP 

diagnosis, death, emigration, loss to follow-up, or end of follow-up (31 December 2006), 

whichever occurred first. Patient characteristics were presented for CUP cases and 

stratified for histological and cytological confirmation. General characteristics were 

presented for subcohort members and CUP cases with frequencies (percentages), 

for categorical variables and means, including standard deviations for continuous 

variables. Alcohol consumption was measured as a continuous variable with 10-

gram ethanol per day increments and in categories: abstainers, >0-<5, 5-<15, 15-

<30, and ≥30 grams of ethanol per day. Cigarette smoking was assessed based on 

status, frequency, duration, and time since smoking cessation. Cigarette smoking 

status was classified as never, ex, or current. Cigarette smoking frequency was 

measured as a continuous variable with 10 cigarettes smoked per day increments 

and in categories: never smokers, >0 to <10, 10-<20, and ≥20 cigarettes smoked per 

day. Cigarette smoking duration was investigated as a continuous variable with 

cigarette smoking increments of 10 years and in categories never smokers, >0-<20, 

20-<40, and ≥40 years smoked. Time since smoking cessation was categorised as 

never smokers, stopped smoking ≥20 years, 10-<20 years, >0-<10 years, and current 

smokers. Alcohol consumption and cigarette smoking were mutually adjusted in 

the analyses. Predefined confounders were age at baseline (years; continuous), and 

sex (male/female). Potential confounders were body mass index (BMI) at baseline 

(kg/m2), non-occupational physical activity (≤30 min/day, >30-60 min/day, >60-90 

min/day and >90 min/day), socio-economic status (highest level of education), 

and history of cancer in a first degree relative (yes/no). Variables were considered 

a confounder if they are not an independent risk factor, not associated with the 

investigated exposure variables, and if the HR did not change by >10% when 

adding the potential confounder to the model. Accordingly, none of the potential 

confounders were included in the final model. 

Cox proportional hazards models were used to evaluate associations of alcohol 

consumption, cigarette smoking, and CUP risk. Associations were estimated using 

age- and sex-adjusted, and multivariable adjusted hazard ratios (HRs) with 95% 

confidence intervals (CIs). Attributable risks were calculated for alcohol consumption 

and cigarette smoking. Standard errors were calculated using the robust Huber-

White sandwich estimator to account for additional variance introduced by 

sampling from the full cohort 23. The proportional hazards assumption was tested 
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using the scaled Schoenfeld residuals 24, and by visual inspection of log-minus-

log (LML) survival curves. If there was an indication that the assumption had been 

violated, a time-varying covariate for that variable was added to investigate in the 

model. Tests for dose-response trends were assessed by fitting ordinal exposure 

variables as continuous terms. Wald tests and cross-product terms were used to 

evaluate potential interaction between alcohol consumption, sex, and CUP, between 

cigarette smoking, sex, and CUP, and multiplicative interaction between alcohol 

consumption, cigarette smoking frequency, and CUP. Interaction on additive 

scale between alcohol consumption, cigarette smoking frequency, and CUP was 

calculated using the relative excess risk due to interaction (RERI). Analyses were 

conducted using Stata version 15. P values were considered statistically significant 

if p <0.05. Sensitivity analyses were conducted with restriction to histologically 

verified CUP cases, and after excluding the first two years and the first five years of 

follow-up to check for potential reverse causality bias.

Results
Data analysis was based on 963 CUP cases and 4,288 subcohort members for 

whom the data on alcohol consumption and cigarette smoking was complete. 

Overall, CUP patients were on average aged 73 years at diagnosis, the majority of 

whom were men (62.6%), and most cases were histologically verified (71.3%) (see 

Table 1). The most common histological subtype was adenocarcinoma (64.8%). The 

majority of patients were registered with a single organ metastasis (80.3%), and the 

most frequent metastatic site of presentation was the liver (37.9%). Most patients 

had died within a year after CUP diagnosis (73.4%). 

Overall, CUP cases were more often alcohol consumers with a substantially higher 

ethanol intake (≥30 grams of ethanol) in comparison to subcohort members 

(16.6% versus 9.0%) (see Table 2). This higher intake was especially evident in male 

CUP patients of whom 23.9% drank ≥30 grams of ethanol per day on average in 

comparison to 14.7% of men in the subcohort. With respect to cigarette smoking, 

CUP cases were generally more often current smokers (37.8%) and less often 

never smokers (27.5%) in comparison to subcohort members (27.6% and 36.9%, 

respectively). Again, male CUP patients, in particular, were more often current 

smokers 44.9% in comparison to 34.8% of the men in the subcohort. In addition, the 

number of cigarettes smoked per day and smoking duration in years was higher 

for CUP patients on average in comparison to those of the subcohort members. 
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In general, a higher ethanol intake was associated with an increased CUP risk (Ptrend = 

0.02; see Table 3). Participants who reported consuming ≥30 grams of ethanol per day 

were compared to abstinence, at the highest risk of developing CUP (multivariable 

adjusted HR: 1.57, 95% CI: 1.20-2.05). The attributable risk for alcohol consumption on 

CUP risk was 4% (95% CI: 2%-6%). No multiplicative interaction was observed between 

alcohol consumption categories, sex, and CUP risk (Pinteraction = 0.86). 

Current smokers were at an increased risk of developing CUP (multivariable 

adjusted HR: 1.59, 95% CI: 1.29-1.97) compared to never smokers (see Table 4). For 

cigarette smoking status, the attributable risk for CUP risk was 6% (95% CI: 4%-

8%). After stratification for sex, we observed that CUP risk was the highest for 

current smokers compared to never smokers, in both men and women (HR: 1.64, 

95% CI: 1.16-2.31 and HR: 1.62, 95% CI: 1.21-2.16, respectively). We observed that the 

more cigarettes a participant smoked, the higher the CUP risk (Ptrend = 0.003). This 

trend was also observed in men (Ptrend = 0.004). Overall, participants who smoked 

10 to <20, or ≥20 cigarettes per day had a higher CUP risk (HR: 1.27, 95% CI: 1.00-

1.62 and HR: 1.42, 95% CI: 1.13-1.80, respectively) compared to never smokers. There 

was no multiplicative interaction between cigarette smoking frequency, sex, and 

CUP risk (Pinteraction = 0.68). Additionally, we noted that the longer a participant had 

smoked cigarettes, the higher the CUP risk (Ptrend = 0.02). Participants who smoked 

cigarettes ≥40 years were at the highest risk of developing CUP (HR: 1.45, 95% CI: 

1.09-1.94) compared to never smokers. We found no multiplicative interaction 

between cigarette smoking duration, sex, and CUP risk (Pinteraction = 0.17). Categories 

of cigarette smoking cessation were assessed in comparison to never smokers. 

Participants who stopped <10 years were at a higher CUP risk (HR: 1.26, 95% CI: 

0.99-1.62) compared to never smokers (Ptrend <0.001). A similar trend was observed 

in men (Ptrend <0.001) and in women (Ptrend = 0.004). 
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We observed no multiplicative interaction between alcohol consumption, cigarette 

smoking frequency, and CUP risk (Pinteraction = 0.12) (see Table 5). However, we did 

find increased risks for most exposure combinations of alcohol consumption 

and cigarette smoking categories, for participants who smoked 10-<20, or ≥20 

cigarettes per day compared to abstainers and never smokers as the reference 

group. In addition, we found that participants who drank ≥30 grams of ethanol per 

day and who smoked ≥20 cigarettes per day had the highest risk of developing 

CUP (HR: 2.87, 95% CI: 1.95-4.22) compared to abstainers and never smokers. We 

also assessed whether there was interaction on additive scale between the highest 

exposure categories of alcohol consumption (≥30 grams of ethanol per day), 

cigarette smoking (smoking ≥10 cigarettes per day) and CUP risk in comparison 

to the lowest exposure categories of alcohol consumption (<30 grams of ethanol 

per day) and cigarette smoking (smoking <10 cigarettes per day). The RERI was 1.14 

(95% CI: 0.33-1.96); P = 0.006, which indicates that there is interaction on additive 

scale (see Table 6).

Results from the sensitivity analysis with restriction to histologically verified CUP 

cases, and results after excluding the first two years and the first five years of follow-

up did not differ substantially from the findings of the complete multivariable 

analysis (data not shown). 

Discussion
In this prospective cohort study, alcohol consumption and cigarette smoking were 

found to be associated with CUP risk. Associations were increased for participants 

who drank ≥30 grams of ethanol per day. Current smokers were at an increased risk 

of developing CUP. The more cigarettes (N/day) and the longer (years) participants 

had smoked, the greater their CUP risk. No multiplicative interaction was observed 

between alcohol consumption, cigarette smoking frequency and CUP risk. We 

did, however, find an interaction on additive scale between the highest exposure 

categories of alcohol consumption and cigarette smoking frequency and CUP risk.

Hitherto, only two prospective cohort studies have investigated the association 

between alcohol consumption and CUP risk. The European study, the European 

Prospective Investigation into Cancer and Nutrition (EPIC), includes 651 incident 

CUP cases. Results from the cohort revealed an increased CUP risk (HR: 1.42) for 

patients who consumed >60 grams of ethanol per day compared to an intake of 0-12 
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g/day, although not statistically significant 10. The Australian study is a prospective 

cohort study that compared 327 incident cancer registry-notified CUP cases to two 

sets of controls that were randomly selected (3:1) using incidence density sampling 

with replacement. They observed no associations between alcohol consumption 

and CUP risk compared to the metastatic cancer controls, and compared to 

the general cohort population controls 11. In the NLCS, we have found a positive 

association between alcohol consumption and CUP risk. The association was more 

pronounced in participants who drank ≥30 grams of ethanol per day compared 

to abstainers. Additionally, our stratified analysis indicates that the CUP risk was 

especially increased in men. However, it should be noted that alcohol consumption 

categories differed between the European study, the Australian study and the 

NLCS, which makes it difficult to compare outcomes.

In an additional analysis in the European study, squamous cell carcinoma cases 

were deliberately excluded when assessing the association between alcohol 

consumption and CUP risk, because the majority of these cases had metastases 

in cervical lymph nodes, which could indicate the primary origin to be a tumour 

in the upper aerodigestive tract 10. After excluding squamous cell carcinoma cases 

from our cohort (N=47), no notable changes were identified for the association 

between alcohol consumption and CUP risk (data not shown). 

The European study demonstrated that current heavy smokers (26+ cigarettes/day) 

had an increased risk of developing CUP (HR: 3.66) compared to never smokers 
10. Similarly, the Australian study reported that current smokers (odds ratio (OR): 

3.42), or ex-smokers (OR: 1.95) were associated with CUP risk compared to never 

smokers 11. A Swedish case-control study used data on 463 CUP patients, this study 

indicated that smoking was a risk factor for CUP (OR: 1.82) compared to no smoking 
16. However, the exposure category of no smoking was not described in-depth, and 

possibly included ex-smokers. In the NLCS, we also found current cigarette smokers 

to be at a greater risk of developing CUP (HR: 1.59) compared to never smokers. 

Although this association between smoking and CUP is weaker compared to those 

findings in the abovementioned studies, it should be noted that our study used 

different categories for measuring cigarette smoking. However, in accordance with 

the European study, we observed an association between smoking and CUP risk, 

which was elevated in the highest category of smoking frequency 10. In contrast, 

the Australian study observed no difference in risk associated with <20, or ≥20 

cigarettes per day 11. 
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The European study also reported that participants who had quit smoking ≤10 

years ago, were at a higher risk of CUP (HR: 1.34) than participants who had never 

smoked 10. In the NLCS, we found that participants who had stopped <10 years 

were at a higher risk of developing CUP (HR: 1.26) compared to never smokers. 

Accordingly, our results are similar to those of the European study, which means 

our results are again in line with those of the European study.

Our study provides novel information on the association between cigarette smoking 

frequency, cigarette smoking duration and CUP risk. We found CUP risk to be more 

pronounced in the highest exposure categories of both cigarette smoking frequency 

and cigarette smoking duration, suggesting that the more cigarettes (N/day), or the 

longer (years), participants smoked, the greater their risk of developing CUP. 

We found no multiplicative interaction effect between alcohol consumption, 

cigarette smoking frequency and CUP risk. However, we did find that participants 

who consumed the highest intake level of alcohol and smoked the highest number 

of cigarettes had a greater risk of CUP than either abstainers or never smokers. 

In addition, we found a significant additive interaction between the highest 

exposure categories of alcohol consumption and cigarette smoking frequency 

and CUP risk. This means that the combined effect of alcohol consumption and 

cigarette smoking frequency is larger than the sum of the individual effects of 

both alcohol consumption and cigarette smoking frequency 25. It should however 

be acknowledged that for assessing the interaction on additive scale, exposure 

categories were generated in a dichotomous manner. 

Strengths and limitations
An important strength of this study is its prospective cohort design. A further strength 

is that the NLCS consists of a large cohort of 120,852 participants who were followed up 

for cancer incidence by the cancer registry in the Netherlands. Cases were registered 

by trained registry clerks who had access to the medical files and entered data by 

applying uniform coding rules. Furthermore, we were able to analyse 963 incident 

CUP cases, which is a much higher number of cases than previous studies have used 

to investigate CUP aetiology. It should, however, be acknowledged that the CUP 

definition used here might differ from that used in other countries because the criteria 

for defining ‘CUP’ are heterogeneous. CUP cases within this study were consistently 

registered by NCR registry clerks, for which data was retrieved from pathology and 
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clinical reports 26. Within the NLCS, information on alcohol consumption and exposure 

to smoking were collected before the outcome, minimizing the effect of information 

bias. A potential limitation of the current study is that data on all exposure variables are 

self-reported, which may have resulted in bias due to misclassification. However, we 

expect this misclassification to be non-differential. Another potential limitation is that 

the questions regarding smoking behaviour are not validated. Even so, the questions 

included detailed categories which the participant could answer. Unfortunately, we 

do not have data to check which diagnostic methods were used for our CUP patients. 

Nevertheless, if we restrict our analysis purely to histologically verified CUP cases, for 

whom extended diagnostic methods are more likely, we find that the results do not 

differ greatly from the complete multivariable analyses. Accordingly, the findings 

from the complete multivariable analyses are representative of CUP cases with or 

without an extensive diagnostic work-up.

Conclusions
In this study, alcohol consumption and cigarette smoking were found to be 

associated with an increased CUP risk. These findings suggest that lifestyle 

recommendations on cancer prevention regarding not drinking alcohol and 

avoiding exposure to smoking are also valid for CUP. 
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Abstract
Background: Cancer of Unknown Primary (CUP) is a metastatic disease for which 

the primary tumour origin could not be identified during life. Few studies have 

investigated the risk factors associated with this disease. This study investigates 

anthropometry, physical activity and CUP risk. 

Methods: Data is used from the Netherlands Cohort Study, which includes 120,852 

participants aged 55-69 years. All cohort members completed a self-administered 

questionnaire on cancer risk factors at baseline in 1986. Cancer follow-up was 

established through record linkage to the Netherlands Cancer Registry and 

the Dutch Pathology Registry. After a follow-up of 20.3 years, 926 incident CUP 

cases and 4,099 subcohort members were available for case-cohort analyses. 

Proportional hazards models were used to compute multivariable adjusted hazard 

ratios (HRs). 

Results: We found no associations between height, body mass index (BMI) at 

baseline, BMI at age 20 years, change in BMI since age 20 years, clothing size 

(trouser/skirt size), or non-occupational physical activity and CUP risk. 

Conclusion: Our findings indicate that neither anthropometry nor physical activity 

are associated with the development of CUP. 
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Introduction
Cancer of Unknown Primary (CUP) is a metastasised malignancy for which the 

primary tumour origin could not be identified during life (1-4). In the Netherlands, 

CUP accounted for approximately 1,300 incident cases in 2018, which represented 

almost 2% of all new cancer diagnoses (5, 6). The disease has a bleak prognosis with 

a median survival of 1.7 months (2000-2012) (2, 7, 8).

CUP is a highly complex entity and little is known about the potential risk factors 

that contribute to its development. To date, those potential risk factors that have 

been identified include tobacco smoking, diabetes, and a family history of cancer 

(9-11). CUP risk also appears to be increased with higher intake levels of alcohol 

consumption (12). 

Previous studies have investigated the relationship between body fatness, physical 

activity and the development of cancer (13-18). For example, an excess energy 

intake and/or low energy expenditure can lead to obesity and associated metabolic 

alterations (14). Similarly, adipose tissue is recognised as metabolically active and 

thus a source of adipose-tissue-derived hormones and cytokines. These metabolic 

alterations can consequently have effects on carcinogenesis (14-16). Greater body 

fatness has been associated with an increased risk for cancers of the oesophagus, 

pancreas, colorectum, endometrium, breast (post-menopausal), and kidney (14, 

18). Likewise, low levels of physical activity have been associated with weight gain, 

and may therefore contribute to diseases associated with being overweight or 

obese (17, 19). However, the stimulation of immune functioning through regular 

moderate physical activity could reduce cancer risk independent from the effects 

of high body mass (19, 20). Physical activity has been associated with a reduced risk 

for cancers of the colon, breast, and endometrium (13, 17, 18). As a result, lifestyle 

recommendations for cancer prevention advise maintaining a healthy weight and 

being physically active (14, 17, 18). 

Hitherto, only two studies appear to have investigated the association between 

anthropometry and CUP risk (10, 21). The results of the European Prospective 

Investigation into Cancer (EPIC) demonstrated that a high waist circumference 

was associated with an increased CUP risk. However, the investigators did not find 

an association between body mass index (BMI) and CUP risk (10). Comparably, an 

Australian prospective cohort study observed no association between BMI and CUP 

risk (21). In addition, its authors further assessed the association between physical 
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activity and CUP risk and found that moderate or vigorous physical activity and 

sedentary behaviour were not associated with CUP risk (21). 

The aim of the current study was to investigate the association between 

anthropometry, physical activity and CUP risk in more detail by assessing various 

anthropometric variables such as height, BMI at baseline, BMI at age 20 years, 

change in BMI since age 20 years, clothing size (trouser/skirt size), and physical 

activity, in a large number of exposure categories. For this purpose, we used data 

from the Netherlands Cohort Study (NLCS) which includes a population with many 

CUP cases, and a consistent disease definition.

Material and methods
Design and study population
The NLCS was established on 17 September 1986 and included 120,852 participants 

aged 55-69 years from 204 Dutch municipalities. For efficiency reasons, data 

processing and analysis were based on the case-cohort design. Cases were derived 

from the full cohort while the number of person-years at risk was estimated from a 

subcohort of 5,000 participants who were randomly sampled from the full cohort 

at baseline (22). The institutional review boards of the Netherlands Organization 

for Applied Scientific Research TNO (Zeist) and Maastricht University (Maastricht) 

approved the execution of the NLCS. Participants agreed to be included into the 

cohort and follow-up by returning their completed questionnaires.

Outcome measure 
In this study, CUP is defined as a metastasised epithelial malignancy with no 

identifiable primary tumour origin after cytological and/or histological verification 

during a patient’s lifetime. This CUP definition only includes epithelial malignancies 

(ICD-O-3: M-8000 - M-8570), which excludes for example sarcoma, lymphoma, 

mesothelioma, and melanoma. 

Follow-up
Cancer follow-up was established through annual record linkage with the 

Netherlands Cancer Registry (NCR) and the Dutch Pathology Registry (PALGA) 

(23). Information regarding the site of metastasis was obtained from the NCR, but 
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this data was only partially available and, therefore, supplementary information 

was retrieved from the pathology excerpts provided by PALGA. These pathology 

excerpts were also used to determine whether cytological and/or histological 

confirmed cases had been correctly categorised in the data received from the NCR. 

After 20.3 years of follow-up (17 September 1986 until 31 December 2006), data 

was available for a total of 1,353 potential CUP cases, and a subcohort of 4,774 

participants could be formed after removing those members who had reported 

a history of cancer (except for skin cancer) at baseline. After excluding CUP 

cases without microscopical confirmation or non-epithelial histology, a total of 

1,073 CUP cases remained. These CUP cases were further subdivided: according 

to histology (adenocarcinoma, undifferentiated carcinoma, squamous cell 

carcinoma, neuroendocrine carcinoma, and other carcinoma); according to 

number of metastases (multiple metastases of the same type were counted as one 

metastatic site, e.g., bone metastases in hip and vertebra were counted as one); 

according to localisation of metastasis (up to four localisations), and according to 

survival duration (≤1 and >1 year after diagnosis). Participants were also excluded 

when there were missing values on BMI at baseline, physical activity, or selected 

confounders. As a result, 926 CUP cases and 4,099 subcohort members were 

available for analysis (see Figure 1). 

Questionnaire data
All cohort members completed a self-administered questionnaire, which included 

detailed questions on height, weight, weight at age 20 years, physical activity, 

alcohol consumption, smoking habits, and other cancer risk factors. Height 

was asked in centimetres (cm), and weight at baseline and weight at age 20 in 

kilograms (kg). BMI at baseline was calculated using weight at baseline whereas 

BMI at age 20 years was calculated using weight at that age, both divided by height 

at baseline squared (kg/m2). Change in BMI since age 20 years was calculated as 

BMI at baseline minus BMI at age 20 years. Clothing size was determined by asking 

trouser size for men and skirt size for women (24). Physical activity was measured 

by focused questioning regarding recreational physical activity and the physical 

activity involved in going to and from work (e.g., walking, cycling). The following 

questions were asked: ‘How many minutes do you spend on average per day 

walking or cycling to your work, going shopping, or walking your dog?’ and ‘How 

many hours of leisure time do you spend on average per week on the following 
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activities 1) gardening, 2) cycling, walking, and 3) sports/physical exercise?’. The 

reported times on both questions were summed into a total non-occupational 

physical activity value.

The baseline questionnaire also included questions related to alcohol consumption 

and tobacco smoking. Alcohol consumption was measured over the year preceding 

baseline, and was addressed by asking questions about the consumption of beer, 

red wine, white wine, sherry, other fortified wines, liqueurs and liquor. Frequency 

of alcohol consumption was measured in ranges from ‘never’ to ‘6-7 times per 

week’, and information was requested on the number of glasses consumed per 

day. Participants who reported ‘never’ or consumed ‘less than once per month’ 

were considered abstainers. Mean daily alcohol consumption was calculated by 

using the computerized Dutch food composition table (25). Tobacco smoking was 

addressed through questions on baseline smoking status, and the ages at first 

exposure and last (if stopped) exposure to smoking. Questions were also asked 

about smoking frequency and smoking duration (excluding stopping periods), for 

cigarette, cigar, and pipe smokers. Participants who indicated that they had never 

smoked cigarettes were considered never smokers.

Statistical analysis
Person-years at risk were calculated from baseline (17 September 1986) until CUP 

diagnosis, death, emigration, loss to follow-up, or end of follow-up (31 December 

2006), whichever occurred first. Patient characteristics were presented for 

CUP cases and stratified for histological and cytological confirmation. General 

characteristics were presented for subcohort members and CUP cases with 

frequencies (percentages) for categorical variables, and means including standard 

deviations for continuous variables. 

Measurements of anthropometry are reported as height (cm), BMI at baseline, BMI 

at age 20 years, and change in BMI since age 20 years (kg/m2), and clothing size 

(trouser size and skirt size for men and women, respectively). Height was analysed 

as a continuous variable with 5 cm increments and in categories, for men: <170 

(reference category), 170-<175, 175-<180, 180-<185, ≥185 cm, and for women: <160 

(reference category), 160-<165, 165-<170, 170-<175, ≥175 cm.  BMI at baseline was 

classified as <20 (underweight), 20 to <25 (normal weight) (reference category), 25 

to <30 (overweight), and ≥30 kg/m2 (obese). BMI at age 20 years was classified as 



Anthropometry, physical activity and Cancer of Unknown Primary risk

3

51   

<20, 20-<21.5 (reference category), 21.5-<23, 23-<25, and ≥25 kg/m2. Change in BMI 

since age 20 years was classified as <0, 0-<4 (reference category), 4-<8, and ≥8 kg/

m2. The three aforementioned BMI variables were also measured on a continuous 

scale. Trouser size for men was categorised as <50, 50-51 (reference category), 52-

53, 54-55, >56. Skirt size for women was categorised as <40, 42 (reference category), 

44, 46-48, >50. Clothing size was shown to be correlated with waist circumference 

measurements in men and women in this Dutch population (r = 0.64, r = 0.71, 

respectively) (24). Physical activity was measured as a continuous variable with 

30-minute increments and in categories, of ≤30, >30-60, >60-90, and >90 min/day.

Predefined confounders included: age at baseline (years; continuous); sex (male/

female); alcohol consumption (ethanol intake in grams per day); cigarette smoking 

status (never, ever); frequency (number of cigarettes smoked per day); and duration 

(number of years smoking). Height was also adjusted for weight at baseline 

(kilograms; continuous). BMI at baseline, and BMI at age 20 years were additionally 

adjusted for physical activity (minutes/day; categories) in the analyses. Change in 

BMI since the age of 20 years was also adjusted for BMI at age 20 years (kg/m²; 

continuous). Clothing size was similarly adjusted for physical activity (minutes/day; 

categories). Physical activity was additionally adjusted for BMI at baseline (kg/m²; 

continuous). Potential confounders included: socio-economic status (highest level 

of education); diabetes (yes/no); and history of cancer in a first-degree relative (yes/

no). Variables were considered a confounder if they changed the HR by >10%. None 

of the potential confounders were included in the final model.
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Cox proportional hazards models were used to investigate associations of 

anthropometry, physical activity, and CUP risk. Associations were estimated 

using age- and sex-adjusted, and multivariable adjusted hazard ratios (HRs) with 

95% confidence intervals (CIs). Standard errors were calculated using the robust 

Huber-White sandwich estimator to account for additional variance introduced 

by sampling from the full cohort (26). The proportional hazards assumption was 

tested using the scaled Schoenfeld residuals (27), and by visual inspection of log-

minus-log (LML) survival curves. In case the assumption had been violated, a time-

varying covariate (TVC) for that variable was added to the model if appropriate. 

The PH assumption appeared to be violated for the exposure variables change in 

BMI since the age of 20 years, and trouser size (men only). Inspection of the log-

minus-log survival curves, however, revealed rather parallel survival curves and, 

hence, no violation of the PH assumption. Ordinal exposure variables were fitted as 

continuous variables in trend analyses. Wald tests and cross-product terms were 

used to evaluate potential multiplicative interaction between anthropometry and 

sex, between physical activity and sex, and to assess multiplicative interaction 

between BMI, physical activity, and CUP risk. If there was a significant interaction 

between exposure variables and sex, sex-stratified HRs were presented. Analyses 

were conducted using Stata version 15. P values were considered statistically 

significant if p <0.05. 

A sensitivity analysis was conducted with restriction to histologically verified CUP 

cases. It is more likely that patients with a histologically verified CUP underwent 

extensive diagnostic investigation(s) to rule out the primary tumour origin. For 

those patients who received cytological verification alone, other factors may have 

played a role in the decision to refrain from further diagnostic investigation such 

as age, comorbidities, performance status, localisation of metastasis, and most 

importantly the patient’s decision. Another sensitivity analysis was performed after 

the first two years of follow-up had been excluded to check for potential reverse 

causality bias as a result of preclinical cancer at baseline. A third sensitivity analysis 

was performed to assess associations between anthropometry, physical activity, 

and CUP risk while taking the years of diagnosis into account by comparing the 

first 10 years of follow up (<1996) to the last 10 years of follow up (≥1996). It is possible 

that the casemix of CUP changed over time, as the definition of the CUP diagnosis 

has changed in the cancer registries throughout the years. 
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Results
Analyses are based on 926 incident CUP cases and 4,099 subcohort members 

for whom the data on BMI at baseline and physical activity was complete. Due to 

additional missing values with respect to BMI at age 20 years, 772 CUP cases and 

3,516 subcohort members were available for that analysis.

CUP cases were, on average, aged 73 years at diagnosis, the majority of whom were 

men (62.5%), and most cases were histologically verified (71.1%) (see Table 1). The 

most common histological subtype was adenocarcinoma (64.8%). In the majority 

of cases, a single organ was affected by a metastasis (80.1%), and the most frequent 

metastatic site of presentation was the liver (38.0%). Most patients had died within 

a year after CUP diagnosis (73.1%). 

Height differences were observed between CUP cases and subcohort members, 

but height was equally distributed in sex-stratified analyses (see Table 2). Male CUP 

cases were slightly lighter in comparison to male subcohort members (77.4 versus 

77.9 kg, respectively). Female CUP cases and female subcohort members had a 

similar weight (68.5 versus 68.3 kg, respectively). The mean BMI at baseline was 

similar in CUP cases and subcohort members (25.0 and 25.0 kg/m2, respectively). 

We observed only minor differences between CUP cases and subcohort members 

in the mean BMI at age 20 years (21.7 and 21.5 kg/m2, respectively), as well as in 

change in BMI since age 20 years (3.3 and 3.5 kg/m2, respectively). CUP cases were 

physically active for a longer amount of time compared to subcohort members (77.1 

versus 73.0 min/day, respectively). Overall, a greater number of alcohol consumers 

with a substantially higher ethanol intake (≥30 grams of ethanol) was found in 

CUP cases in comparison to subcohort members (17.1% versus 9.1%, respectively). 

CUP cases were more frequently current smokers and had fewer never smokers 

in comparison to subcohort members (38.0% versus 27.8%, and 27.0% versus 36.5%, 

respectively). In addition, the number of cigarettes smoked per day and smoking 

duration in years was higher for CUP cases on average in comparison to those of the 

subcohort members (17.9 cigarettes per day versus 15.8 cigarettes per day, and 35.5 

years of smoking versus 31.9 years of smoking, respectively). Diabetes was slightly 

more prevalent in CUP cases compared to subcohort members (3.8% versus 3.5%, 

respectively). More CUP cases had a history of cancer in a first-degree relative in 

comparison to subcohort members (47.6% versus 45.5%, respectively).
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Results from the age- and sex-adjusted analyses (data not shown) were comparable 

to the results of the multivariable adjusted analyses. Therefore, we only reported the 

multivariable adjusted results. We observed a statistically significant multiplicative 

interaction between sex and the association between height and CUP risk (Pinteraction 

= 0.04). We found no association between height and CUP risk (HR in men: 0.98, 

95% CI: 0.90-1.08, and HR in women: 1.04, 95% CI: 0.94-1.16) (see Table 3). BMI at 

baseline and BMI at age 20 years were not associated with CUP risk (HR: 0.99, 95% 

CI: 0.97-1.02, and HR: 1.03, 95% CI: 0.99-1.06, respectively) (see Table 4). We found no 

association between BMI change and CUP risk. Regarding the association between 

trouser size and CUP risk, no statistically significant association was observed (see 

Table 3). We found no statistically significant association for women who had a 

skirt size of >50 and CUP risk (HR: 1.51, 95% CI: 0.91-2.52), compared to women with 

a skirt size of 42. Overall, we observed no association between physical activity and 

CUP risk (HR: 1.01, 95% CI: 0.97-1.04) (see Table 5). 

No multiplicative interaction was found between exposure combinations of BMI 

at baseline and physical activity categories and CUP risk (Pinteraction = 0.73) (data 

not shown). Results from the sensitivity analysis with restriction to histologically 

verified CUP cases did not differ substantially from the findings of the overall 

analyses. This was also true for both results after the first two years of follow-up 

had been excluded and for the results after evaluating the years of diagnosis with 

respect to the first 10 years of follow up in comparison to the last 10 years of follow 

up (data not shown).

Discussion
The current study has assessed various anthropometric variables, physical activity and 

their relation to CUP risk in a large prospective cohort study. The wide availability of those 

variables has allowed us to conduct multivariable analyses by investigating exposure 

categories in greater detail compared to those analyses performed in previous cohort 

studies. The findings presented here appear to demonstrate that anthropometry and 

physical activity are not associated with the development of CUP. We also found no 

multiplicative interaction between BMI, physical activity and CUP risk. 
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To the best of our knowledge, this is the first study to have investigated the association 

between height and CUP risk, and our stratified analyses indicate no association 

between the height of men or women and CUP risk. Neither the European cohort 

study nor that conducted in Australia found any association between BMI at baseline 

and the development of CUP (10, 21). Although their respective categories differed, 

each concluded that there was no association between BMI at baseline and CUP 

risk. Unlike those studies, we not only assessed BMI at baseline but also BMI at age 

20 years, finding neither variable to be statistically significantly associated with CUP.

In the European cohort study, an association was found between participants with 

a higher waist circumference and increased CUP risk (comparing highest versus 

lowest quartiles) (10). In the NLCS, data was unavailable on waist circumference. 

However, a previous NLCS study had demonstrated clothing size to be a useful 

measure within the cohort population when there is no specific data on waist 

circumference (24). Consequently, we used clothing size as a proxy measure for the 

distribution of abdominal fat. We found trouser size for men not to be associated 

with CUP risk. We did, however, observe that women with a skirt size of >50 were 

at an increased risk of CUP, albeit the association was not statistically significant.

The Australian study observed that moderate or vigorous physical activity and 

sedentary behaviour were not associated with CUP risk (21). Similarly, in the NLCS 

we also found no association between physical activity and CUP risk either. Whilst 

the categories to assess the association between physical activity and CUP risk 

admittedly differed between both studies, their respective results point towards 

there being no association.

Strengths and limitations
The strengths of the NLCS are its prospective cohort design, extensive cohort of 120,852 

participants, large number of CUP cases, and the wide availability of confounders to 

adjust for in the analyses. Participants were followed for 20.3 years (only one male 

participant from the subcohort was lost to follow-up). Data on incident CUP cases 

was provided by the NCR and includes data from both pathology reports and clinical 

reports (28). Cancer follow-up through record linkage with these registries was at 

least 96% complete, and thereby minimizing selection bias (29). Cases were registered 

by trained registry clerks who had access to the medical files and entered data by 

applying uniform coding rules. The CUP definition used in the current study may 

however differ from that used in other countries, as the criteria for defining ‘CUP’ are 
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heterogeneous. A potential limitation of the current study is that data on all exposure 

variables are self-reported, which may have resulted in bias due to misclassification. 

Recall bias may have occurred as weight at age 20 years was asked at baseline. It 

should be noted, however, that work elsewhere has concluded that self-reported 

recall of anthropometric measures in early life is highly correlated with prospectively 

collected data (30). As such, we expect this to be non-differential between CUP cases 

and subcohort members. This study has only investigated non-occupational physical 

activity as an indicator for exercise behaviour and any relationship to CUP. Occupational 

and non-occupational physical activity might be inversely associated and, as a result, 

occupational physical activity may confound studies of non-occupational exercise (31). 

The NLCS solely includes data on participants aged 55-69 years at baseline, CUP does 

however also occur in adolescents and young adults (7). Regrettably, we can therefore 

not assess the association between anthropometry, physical activity and CUP risk in 

adolescents and young adults. This could however be a potential direction for future 

research in a different cohort with a greater range in the age of the participants. 

Unfortunately, we lack the data to check which diagnostic methods were used for 

our CUP cases. Nevertheless, if we restrict our analysis to histologically verified CUP 

cases alone, for whom extended diagnostic methods are more likely, then only minor 

differences and no overt changes were observed when the results are compared to the 

overall analyses. Accordingly, the findings from the complete multivariable analyses 

appear representative for CUP cases with or without an extensive diagnostic work-up.

Conclusions
The findings presented here demonstrate no association between anthropometry, 

physical activity and the development of CUP. As a result, lifestyle recommendations 

on cancer prevention regarding maintaining a healthy weight, and being physically 

active cannot be used in the prevention of CUP. 
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Abstract
Background: Cancer of Unknown Primary (CUP) is a metastatic cancer for which 

the primary lesion remains unidentifiable during life and little is also known 

about the modifiable risk factors that contribute to its development. This study 

investigates whether vegetables and fruits are associated with CUP risk. 

Methods: We used data from the prospective Netherlands Cohort Study on Diet 

and Cancer which includes 120,852 participants aged between 55-69 years in 

1986. All participants completed a self-administered questionnaire on cancer risk 

factors at baseline. Cancer follow-up was established through record linkage to 

the Netherlands Cancer Registry and the Dutch Pathology Registry. As a result, 

867 incident CUP cases and 4,005 subcohort members were available for case-

cohort analyses after 20.3 years of follow-up. Multivariable adjusted hazard ratios 

were calculated using proportional hazards models. 

Results: We observed no associations between total vegetable and fruit 

consumption (combined or as separate groups) and CUP risk. However, there 

appeared to be an inverse association between the consumption of raw leafy 

vegetables and CUP. With respect to individual vegetable and fruit items, we found 

neither vegetable nor fruit items to be associated with CUP risk. 

Conclusions: Overall, vegetable and fruit intake were not associated with CUP 

incidence within this cohort.
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Background
Cancer of Unknown Primary (CUP) is a metastasised malignancy for which the 

primary tumor origin remains unidentifiable during life (1, 2). A historical study 

has estimated that CUP accounts for 3-5% of all epithelial tumours (3, 4). In a 

more recent study, it was observed that CUP incidence has decreased over the 

last 10-20 years. This decline in CUP incidence was investigated by comparing 

population-based incidence-rates, and its authors concluded that the decrease 

could possibly be explained due to advanced imaging and molecular profiling (5). 

In the Netherlands, the disease accounted for approximately 1,300 incident cases, 

which represented almost 2% of all new cancer diagnoses in 2018 (6, 7). The median 

survival of CUP patients is 1.7 months (2000-2012) (2). To prevent CUP, it may be 

beneficial to identify modifiable lifestyle risk factors that have been associated 

with other cancers. To date, modifiable risk factors that have been associated 

with CUP are cigarette smoking, and alcohol consumption (dose-response) (8-11). 

However, the relationship between diet and CUP has been less studied, especially 

with respect to plant-based nutrition such as vegetables and fruits.

The World Cancer Research Fund reports that the consumption of vegetables 

and fruits may reduce cancer risk, although the association may be restricted to 

specific cancers (12-14). In addition, they describe that non-starchy vegetables and 

fruits have been linked to protecting against a number of aerodigestive cancers 

(12, 13). Associations between diet and cancer are complex as each bioactive 

food constituent has the potential to modify aspects of carcinogenesis, either 

individually or in combination with several micronutrients (alongside quantity, 

timing, and duration of exposure to those constituents) (12). Then again, a lower 

intake of vegetables and fruits (low intake levels of carotenoids, vitamin A, C, E) 

has been linked to increase levels of oxidative stress and inflammation, alongside 

genomic instability, reduced apoptosis and increased proliferation (14). 

To the best of our knowledge, only one Australian prospective cohort study has 

investigated the relationship between diet and CUP, in which they did not find any 

associations between vegetable or fruit consumption and CUP risk (10). However, 

it should be noted that the study only examined vegetable and fruit consumption 

by using the usual number of servings as ≥ 5 vegetables/day and ≥ 2 fruits/day 

in relation to CUP. Similarly, it did not investigate specific groups of vegetables 

and fruits, nor individual vegetable and fruit items. For that reason, we decided to 
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investigate the relationship between vegetable and fruit consumption and CUP 

risk in greater detail by using combined groups of vegetables and fruits, as well 

as individual vegetable and fruit items. In addition, we aimed to examine residual 

confounding by cigarette smoking status on the association between vegetable 

and fruit consumption and CUP risk, as cigarette smoking has been linked to 

increase CUP risk. 

Methods
Study design and population
The prospective Netherlands Cohort Study on Diet and Cancer (NLCS) was started 

in September 1986 and included 58,279 men and 62,573 women aged between 

55-69 years. Participants originated from 204 Dutch computerized municipal 

population registries. Data processing and analysis were based on the case-cohort 

design for efficiency reasons. Incident cancer cases were derived from the full 

cohort while the number of person-years at risk was estimated from a subcohort of 

5,000 participants who were randomly sampled from the full cohort immediately 

after baseline (15). The subcohort comprises a group of participants in which CUP 

cases can occur (16). The case-cohort design implies that cases can arise both inside 

and outside the subcohort. The cases in the subcohort are at risk from baseline 

until cancer incidence, cases outside the subcohort have been assigned a minimal 

person-time at risk in order to be included in the statistical analysis. Participants 

who had reported a history of cancer (except for skin cancer) at baseline were 

excluded from analyses (see Figure 1).

Outcome measure 
CUP is defined here as a metastasised epithelial malignancy with no identifiable 

primary tumor origin after cytological and/or histological verification during 

a patient’s lifetime. This CUP definition only includes epithelial malignancies 

(ICD-O-3: M-8000 - M-8570) and thus excludes non-epithelial cancers, such as 

sarcoma, lymphoma, mesothelioma, and melanoma. 
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Follow-up 
Cancer follow-up was established through annual record linkage with the 

Netherlands Cancer Registry (NCR) and the Dutch Pathology Registry (PALGA) 

(17). Information regarding the site of metastasis was obtained from the NCR, but 

this data was only partially available and, therefore, supplementary information 

was retrieved from the pathology excerpts provided by PALGA. These pathology 

excerpts were also used to determine whether cytological and/or histological 

confirmed cases had been correctly categorised in the data received from the NCR. 

Questionnaire data
All cohort members completed a self-administered questionnaire, which included 

detailed questions on dietary habits, lifestyle, and other cancer risk factors. The 

dietary section was a validated 150-item semi quantitative food-frequency 

questionnaire (FFQ) that concentrated on the habitual consumption of foods 

and beverages during the year preceding baseline (18). The Spearman correlation 

coefficient was 0.38 for total vegetable consumption and 0.60 for total fruit 

consumption, compared to the results of the 9 recording days. The relatively low 

correlation for total vegetable consumption may derive from lack of variation in 

consumption and possibly due to imprecise estimation of the portion size (18, 

19). Participants were asked to indicate how often they consumed vegetables (15 

cooked vegetables, 4 raw vegetables), both in summer and in winter. They were 

able to choose from one out of six categories: never or less than once a month, 1 

time per month, 2 to 3 times per month, 1 time per week, 2 times per week, or 3 to 7 

times per week. Usual serving sizes were asked for string beans and cooked endive 

only; the mean of these values served as an indicator for serving sizes of all cooked 

vegetables. Participants who did not report their usual serving sizes were assigned 

a default value. If participants reported only one serving size, then the individual 

serving size was derived using a conversion factor. Both the default value and the 

conversion factor were derived from a pilot study (20). Tomato and sweet pepper 

consumption were asked to be reported in frequency per week and per month, 

respectively, both in summer and in winter. Participants were asked to indicate how 

often they consumed fruit by choosing from one out of seven categories: never or 

less than once a month, 1 time per month, 2 to 3 times per month, 1 time per week, 2 

to 3 times per week, 4 to 5 times per week, or 6 to 7 times per week. For all the fruits 

of interest, participants were able to indicate the amount of each fruit that was 
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consumed. Frequencies and amounts were converted to grams per day. For both 

vegetable and fruit consumption, dietary data measured in summer and winter 

were merged and averaged into specific intake variables for analyses purposes. The 

questionnaire was also used to measure exposure to tobacco smoking. Tobacco 

smoking was addressed through questions on baseline smoking status, and the 

ages at first exposure and last (if stopped) exposure to smoking. Questions were 

also asked about smoking frequency and smoking duration (excluding stopping 

periods), for cigarette, cigar, and pipe smokers. Participants who indicated that 

they had never smoked cigarettes were considered never smokers.

Statistical methods
Person-years at risk were calculated from baseline (17 September 1986) until CUP 

diagnosis, death, emigration, loss to follow-up, or end of follow-up (31 December 

2006), whichever occurred first. Patient characteristics were presented for 

CUP cases and stratified for histological and cytological confirmation. General 

characteristics were presented for subcohort members and CUP cases with 

frequencies (percentages) for categorical variables, and means including standard 

deviations for continuous variables. Based on the distribution of the subcohort, 

participants were compared using quartiles (Q) of vegetable, legume, and fruit 

consumption. For continuous analyses, increments of 25 grams per day were used. 

The composition of the vegetable, legume, and fruit groups that were studied 

within the NLCS are described in Table 1. 

Vegetable and fruit consumption were mutually adjusted in the analyses, which 

means that vegetable consumption was additionally adjusted for fruit consumption, 

whereas fruit consumption was additionally adjusted for vegetable consumption. 

Legume consumption was additionally adjusted for vegetable and fruit intake. 

The predefined confounders included: age at baseline (years, continuous); sex 

(male/female); current cigarette smoking status (never/ever); cigarette smoking 

frequency (number of cigarettes smoked per day); and cigarette smoking duration 

(number of years smoking). We included the smoking variables as predefined 

confounders, as they have been linked to increased CUP risk (8-11). Additionally, 

smokers have been observed to consume lower amounts of vegetables and fruits 

in comparison to non-smokers (21). The potential confounders included: alcohol 

consumption (ethanol intake per day); body mass index (BMI) at baseline (kg/m2); 
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non-occupational physical activity (<30 min/day, 30-60 min/day, 60-90 min/day and 

>90 min/day); socio-economic status (highest level of education); diabetes (yes/no); 

and history of cancer in a first-degree relative (yes/no). Variables were considered 

a confounder if they changed the HR by >10%. Accordingly, none of the potential 

confounders were included in the final model.

Cox proportional hazards models were used to estimate age- and sex-adjusted, and 

multivariable adjust hazard ratios (HRs) with 95% confidence intervals (CIs). Time 

since baseline (1986) was used for the time axis. Standard errors were calculated 

using the robust Huber-White sandwich estimator to account for additional 

variance introduced by sampling from the full cohort (22). The proportional hazards 

assumption was tested using the scaled Schoenfeld residuals (23). In cases where 

the assumption had been violated, a time-varying coefficient for that variable was 

added to the model where appropriate. Ordinal exposure variables were fitted as 

continuous variables in trend analyses. Wald tests and cross-product terms were 

used to evaluate potential multiplicative interaction between total vegetable 

and fruit consumption (combined and individually), with sex, and CUP risk, and 

between total vegetable and fruit consumption (combined and individually), 

cigarette smoking frequency, and CUP risk. Analyses were conducted using Stata 

version 15. P values were considered statistically significant if p <0.05. 

We performed three sensitivity analyses. The first sensitivity analysis was restricted 

to histologically verified CUP cases alone. For this analysis, patients who received 

a cytological verification alone were excluded. Patients who were histologically 

verified are more likely to have undergone extensive diagnostic investigation(s) to 

rule out the primary tumour origin. For those patients who received cytological 

verification alone, other factors may have played a role in the decision to refrain from 

further diagnostic investigation, such as age, comorbidities, performance status, 

localisation of the metastasis, and the patient’s decision. The second sensitivity 

analysis was performed after the first two years of follow-up had been excluded 

so as to check for potential reverse causality bias as a result of preclinical cancer at 

baseline. To assess whether associations differed over time, we conducted a third 

analysis in which we compared the first ten years of follow-up (<1996) to the last ten 

years of follow-up (≥1996).
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Table 1 Composition of vegetable and fruit groups, based on vegetable and fruit items that 
were asked in the food-frequency questionnaire in the Netherlands Cohort Study

Food group Composition

Total vegetables Cooked vegetables plus raw vegetables

Cooked vegetables Beetroot, broad beans, Brussels sprouts, cauliflower, cabbage (white/
green), cooked carrots, cooked endive, kale, leek, mushrooms, onions, 
rhubarb, sauerkraut, spinach, string beans, sweet peppers and other 
cooked vegetables originating from an open-ended question on 
frequently consumed items not listed in the questionnaire

Raw vegetables Gherkins, lettuce, raw carrots, raw endive, tomatoes and other raw 
vegetables from an open-ended question on frequently consumed 
items not listed in the questionnaire

Brassica vegetables Brussels sprouts, cabbage (white/green), cauliflower and kale

Leafy vegetables, 
cooked

Cooked endive and spinach

Leafy vegetables, raw Lettuce and raw endive 

Legumes Broad beans, dried pulses and string beans

Allium vegetables Leek and onions

Total fruits Apples/pears, bananas, grapefruits and fresh grapefruit juice, 
grapes, mandarins, oranges and fresh orange juice, raisins/other 
dried fruit, strawberries and other fruits originating from an open-
ended question on frequently consumed items not listed in the 
questionnaire 

Citrus fruits Fresh lemon juice, grapefruits and fresh grapefruit juice, mandarins, 
oranges and fresh orange juice

Results
After 20.3 years of follow-up (17 September 1986 until 31 December 2006), data 

was available for a total of 1,353 potential CUP cases and 4,774 participants of the 

subcohort. After excluding CUP cases with neither microscopical confirmation 

or non-epithelial histology, a total of 1,073 CUP cases remained. Participants with 

incomplete or inconsistent dietary data were excluded from analyses. This resulted 

in 867 available CUP cases and 4,005 subcohort members with complete and 

consistent dietary data. In general, when comparing differences between CUP 

cases and subcohort members, we observed that CUP cases consumed lower 

amounts of vegetables (mean values 185.8 versus 189.0 grams per day, respectively) 

(see Table 2). Male CUP cases in particular consumed lower amounts of vegetables 

(mean values 182.3 versus 187.0 grams per day, respectively), while female CUP 

cases consumed a more similar number of vegetables (mean values 191.6 versus 
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190.9 grams per day, respectively). We also observed that CUP cases consumed 

lower amounts of fruits (mean values 164.7 versus 175.5 grams per day, respectively). 

Results from the age- and sex-adjusted analyses were comparable to the results of 

the multivariable adjusted analyses. Therefore, we only discuss the multivariable 

adjusted results. We observed no association between total vegetable and fruit 

consumption (HR for Q4 vs. Q1: 0.98, 95% CI: 0.92-1.05, Ptrend = 0.63) and CUP risk (see 

Table 3). In addition, when mutually adjusted, we found no association between 

total vegetables (HR for Q4 vs. Q1: 0.87, 95% CI: 0.69-1.09, Ptrend = 0.38) or total fruits 

(HR for Q4 vs. Q1: 0.94, 95% CI: 0.75-1.17, Ptrend = 0.56) and CUP risk. Furthermore, 

we found no associations between the following vegetable groups: cooked 

vegetables (HR for Q4 vs. Q1: 1.06, 95% CI: 0.82-1.38, Ptrend = 0.71), raw vegetables 

(HR for Q4 vs. Q1: 0.96, 95% CI: 0.75-1.22, Ptrend = 0.94), legumes (HR for Q4 vs. Q1: 

1.21, 95% CI: 0.97-1.52, Ptrend = 0.14), brassica vegetables (HR for Q4 vs. Q1: 1.01, 95% 

CI: 0.81-1.27, Ptrend = 0.92), allium vegetables (HR for Q4 vs. Q1: 1.14, 95% CI: 0.91-1.42, 

Ptrend = 0.48), cooked leafy vegetables (HR for Q4 vs. Q1: 0.92, 95% CI: 0.74-1.15, Ptrend 

= 0.68), or the fruit group: citrus fruits (HR for Q4 vs. Q1: 1.15, 95% CI: 0.93-1.42, Ptrend = 

0.37) and CUP risk. However, we observed a statistically significant trend between 

the consumption of raw leafy vegetables and a decreased CUP risk (HR for Q4 vs. 

Q1: 0.82, 95% CI: 0.64-1.03, Ptrend = 0.03). With respect to individual vegetable and 

fruit items, which were mutually adjusted, we found no association between the 

individual vegetable items or the individual fruit items and the development of 

CUP (see Table 4).

No multiplicative interactions were observed between sex and the association 

between total vegetable and fruit consumption (combined), vegetable 

consumption, or fruit consumption, in relation to CUP risk (Pinteraction = 0.20, 0.17, 

and 0.46, respectively). However, we did observe multiplicative interactions 

between vegetables and fruits (combined), and fruit consumption and smoking 

status in relation to CUP risk (Pinteraction = 0.03, 0.02, respectively), but not between 

vegetable consumption and smoking status in relation to CUP risk (Pinteraction = 

0.67). Furthermore, the potential for residual confounding was evaluated based 

on cigarette smoking status and the relationship between vegetable and fruit 

consumption and CUP risk (see Table 5). In current smokers, the association 

of vegetables and fruits with CUP risk was inverse, although not statistically 

significant (per 25 grams per day increment HR: 0.89, 95% CI: 0.79-1.00, Ptrend 
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= 0.06). In never and ex-smokers, vegetable and fruit consumption was not 

associated with CUP risk. Furthermore, current smokers with the highest fruit 

intake compared to the lowest fruit intake appeared to have a reduced CUP 

risk (HR for Q4 vs. Q1: 0.65, 95% CI: 0.43-0.99, although the Ptrend = 0.16 was not 

statistically significant).

Results from all three sensitivity analyses, when restricted to histologically verified 

CUP cases alone (n=614), after excluding the first two years of follow-up, and when 

comparing the first ten years of follow-up (<1996) to the last ten years of follow-up 

(≥1996), did not differ substantially from the findings of the overall analyses (see 

Supplementary Tables 1-6).
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Discussion
We have presented here a detailed investigation of the relationship between 

vegetable and fruit consumption and the development of CUP, which we 

accomplished by assessing combined groups of vegetables and fruits as well as 

individual vegetable and fruit items. Our results demonstrate that consuming 

vegetables and fruits is generally unrelated to CUP incidence within this cohort; 

however, the consumption of raw leafy vegetables did appear to be associated 

with a decreased CUP risk. We found no multiplicative interaction between sex 

in relation to the association between total vegetable and fruit consumption and 

CUP risk. Yet, we did observe multiplicative interactions between total vegetables 

and fruits (combined), and fruit consumption and smoking status in relation to 

CUP risk, but not between vegetable consumption and smoking status in relation 

to CUP risk.

The Australian cohort study, mentioned in the introduction, investigated the 

relationship between consuming vegetables and fruits and the risk of developing 

CUP by comparing 327 incident CUP cases to two randomly selected sets of 

controls (3:1) using incidence density sampling with replacement (10). It found 

no relation by assessing plant-based food consumption and the usual number 

of servings as ≥ 5 vegetables/day and ≥ 2 fruits/day, compared to consuming < 5 

vegetables/day and < 2 fruits/day (10). Although the categories differ between the 

Australian study and those of the NLCS, the respective findings are comparable. 

Moreover, having analysed combined groups of vegetables and fruits as well as 

individual vegetable and fruit items in greater detail, we conclude that there is 

no association between vegetable and fruit consumption and CUP risk. We did, 

however, observe an inverse association between the consumption of raw leafy 

vegetables and CUP risk, but this might be a chance finding due to multiple 

comparisons. As described elsewhere, vegetable and fruit consumption have 

been associated with a protective effect against cancer, but the association may 

be restricted to specific cancers (12). Nonetheless, it should be acknowledged that 

CUP constitutes a group of heterogeneous metastatic cancers, therefore, specific 

effects from vegetables and/or fruits could be masked. 

In an additional analysis, residual confounding by cigarette smoking status was 

evaluated for its possible influence on the association between vegetable and fruit 

consumption and CUP risk. We observed no associations for never or ex-smokers 
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who consumed vegetables and fruits in relation to CUP risk, while current smokers 

appeared to have a decreased CUP risk, although not statistically significant. This 

effect may derive from residual confounding by smoking. Our finding is in line 

with the limited-suggestive evidence by the World Cancer Research Fund that 

describes the consumption of non-starchy vegetables and fruit to be linked to 

reduced lung cancer risk in people who smoke or used to smoke tobacco (13). 

Strengths and limitations
The strengths of this study are its prospective cohort design, its large cohort 

population including 120,852 participants, its large number of 867 incident CUP 

cases, and its ability to correct for multiple and detailed confounders in the 

analyses. Data on incident CUP cases were provided by the NCR and included 

information from both pathology reports and clinical reports (24). Pathology 

excerpts were available to confirm whether the cytological and/or histological 

confirmed cases had been correctly categorised in the data received from the 

NCR. Cancer follow-up through record linkage with the NCR and PALGA was at 

least 96% complete, thereby minimizing selection bias (25). Cases were registered 

by trained NCR registry clerks who had access to the medical files and who entered 

data by applying uniform coding rules. It should, however, be acknowledged that 

we utilised a CUP definition that may differ from that used in other countries, as 

the criteria for defining ‘CUP’ are heterogeneous. Another possible limitation is 

that exposure data were only measured once at baseline in 1986. Vegetable and 

fruit consumption (both in summer and in winter) were, however, extensively 

addressed in the FFQ, and we expect that participants in the studied age group 

(55-69) had stable dietary habits at baseline. The reproducibility of the FFQ as well 

as the stability of dietary habits as estimated by the test-retest r, was on average 

0.07 for nutrients over a time period of five years (26). Nonetheless, it is possible that 

participants subsequently changed their dietary habits. If they did change their 

habits, that may have resulted in bias due to misclassification and may have led 

to underestimation of the effect of vegetable and fruit consumption on CUP risk. 

We do expect this bias to be non-differential between CUP cases and subcohort 

members. Unfortunately, we do not have data to check which diagnostic methods 

were used to identify the primary tumour origin. Nevertheless, if we restrict our 

analysis to histologically verified CUP cases alone, for whom extended diagnostic 

methods are more likely, we find that the results do not differ greatly from the 
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overall multivariable analyses. Accordingly, we can assume that the findings from 

the overall multivariable analyses are representative of CUP cases with or without 

an extensive diagnostic work-up. We were unable to conduct subgroup analyses 

based on histopathological findings as precision medicine was not yet available at 

the time of the follow-up of our study. Studies with more recent data on CUP cases 

would therefore be encouraged to conduct such analyses.

Conclusions
In our study, we observed no associations between total vegetable and fruit 

consumption, total vegetables, cooked vegetables, raw vegetables, legumes, 

brassica vegetables, allium vegetables, cooked leafy vegetables, total fruits, citrus 

fruits, and the development of CUP. However, the consumption of raw leafy 

vegetables appeared to decrease risk of the malignancy. With respect to individual 

vegetable and fruit items, neither vegetable nor fruit items were found to be 

associated with CUP risk. We thus conclude that consuming vegetables and fruits 

is unrelated to CUP incidence within this cohort. 
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Abstract
Purpose: Cancer of Unknown Primary (CUP) is a metastasised cancer for which 

no primary lesion could be identified during life. Research into CUP aetiology with 

respect to dietary factors is particularly scarce. This study investigates whether 

meat consumption is associated with CUP risk.

Methods: Data was utilised from the prospective Netherlands Cohort Study that 

includes 120,852 participants aged 55-69 years. All participants completed a self-

administered questionnaire on diet and other cancer risk factors at baseline. 

Cancer follow-up was established through record linkage to the Netherlands 

Cancer Registry and the Dutch Pathology Registry. A total of 899 CUP cases and 

4,111 subcohort members with complete and consistent dietary data were available 

for case-cohort analyses after 20.3 years of follow-up. Multivariable adjusted hazard 

ratios (HRs) were calculated using proportional hazards models.

Results: We found a statistically significant positive association with beef and 

processed meat consumption and CUP risk in women (multivariable adjusted HR 

Q4 vs. Q1: 1.47, 95% CI: 1.04-2.07, Ptrend = 0.004 & Q4 vs. Q1: 1.53, 95% CI: 1.08-2.16, Ptrend = 

0.001, respectively), and a non-significant positive association with processed meat 

consumption and CUP risk in men (multivariable adjusted HR Q4 vs. Q1: 1.33, 95% 

CI: 0.99-1.79, Ptrend = 0.15). No associations were observed between red meat (overall), 

poultry or fish consumption and CUP risk. 

Conclusion: In this cohort, beef and processed meat consumption were positively 

associated with increased CUP risk in women, whereas a non-significant positive 

association was observed between processed meat consumption and CUP risk 

in men.
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Introduction
Cancer of Unknown Primary (CUP) is a metastasised malignancy for which the 

primary tumour origin remains unidentifiable during a patient’s lifetime [1,2]. It ranks 

fourth in the most common metastasised cancers in the Netherlands, and with 

slightly more than 1,300 incident cases in 2018, CUP accounted for almost 2% of all 

new cancer diagnoses in that year [3,4]. Globally, the median survival for CUP patients 

is only three months, dependent on available diagnostics as well as incidence and 

patient characteristics (favourable or unfavourable prognosis, 20-80% respectively) 

[5-7]. For most CUP patients, curative treatment(s) may no longer be an option [8]. By 

assessing lifestyle factors that are potentially associated with the disease, however, it 

may be possible to prevent future CUP patients. Certain modifiable risk factors, such 

as cigarette smoking and alcohol consumption, have been linked to the development 

of CUP [9-12]. Nonetheless, the relationship between diet and CUP has been less well 

studied, and that is particularly true with respect to meat consumption [11]. 

The consumption of red meat and processed meat has been linked to several 

types of cancer in previous studies [13]. Indeed, the weight of evidence is such that 

the International Agency for Research on Cancer (IARC) describes red meats as 

“probably carcinogenic to humans”, and there is also sufficient evidence to classify 

processed meats as “carcinogenic to humans” [13]. Red meats are unprocessed 

mammalian muscle meat that contain proteins and important micronutrients 

such as B vitamins, iron, and zinc [13,14]. Processed meats, by contrast, are those 

meats that have been transformed through salting, curing, fermentation, smoking, 

or other processes so as to enhance their flavour or improve their preservation 

[13]. When those meats are being processed, it can lead to the formation of 

carcinogenic chemicals (including N-nitroso-compounds (NOC) and polycyclic 

aromatic hydrocarbons (PAH)) [15,13]. Additionally, the cooking of processed meat 

(fried, grilled, roasted, boiled and smoked), temperature and duration of cooking, 

type of fuel used for cooking, and proximity and direct contact with the heat source, 

can produce known or suspected carcinogens, including heterocyclic aromatic 

amines (HAA) and PAH [15,13]. While the connection between consuming red 

meat and processed meat and developing cancer appears rather consistent, the 

connection between consuming poultry and fish and developing cancer is much 

less clear. Fish consumption has, however, been linked to anti-inflammatory and 

anticarcinogenic effects of long-chain n-3 fatty acids and could thus be beneficial 

for inhibiting carcinogenesis [16].
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The IARC Monographs Working Group has evaluated the consumption of red 

meat and processed meat with respect to carcinogenicity to humans. Based on 

epidemiological evidence, it concluded that there are convincing associations 

between the consumption of red meat and cancer, particularly for cancers of the 

colorectum, pancreas and prostate [13]. In addition, the consumption of processed 

meat has been linked to cancers of the colorectum and stomach [13]. The 2018 

Continuous Update Project Expert Report of the World Cancer Research Fund 

(WCRF) and American Institute for Cancer Research (AICR) concluded that the 

data to study the relation between poultry and cancer risk was “too low quality or 

too inconsistent, or the number of studies too few, to allow conclusions”. For fish 

consumption, they summarized a ‘limited to suggestive’ decreased risk of cancers 

of the colorectum and liver [17].

The relationship between meat consumption and CUP has been investigated 

in one Australian prospective cohort study [11]. Its authors found no association 

between red meat consumption and CUP risk, though they did observe a slightly 

increased risk between processed meat consumption and CUP risk, albeit this was 

not deemed statistically significant [11]. The current study assesses the association 

between meat consumption and CUP risk in greater depth by assessing combined 

groups of meats such as red meat, processed meat, poultry, and fish, as well as 

individual meat items. Additionally, we investigated whether sex or cigarette 

smoking status influence the association between meat consumption and CUP 

risk, by testing multiplicative interactions. 

Materials and Methods
Design and study population
The Netherlands Cohort Study on Diet and Cancer (NLCS) includes 120,852 

participants aged 55-69 years from 204 Dutch municipalities. The case-cohort 

design was applied for data processing and analysis. Cases were derived from 

the full cohort, while the number of person-years at risk for the full cohort was 

estimated from a subcohort of 5,000 participants who were randomly sampled 

from the full cohort at baseline in 1986 [18]. 
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Outcome measure 
CUP is defined as a metastasised epithelial malignancy with no identifiable 

primary tumour origin after cytological and/or histological verification during 

a patient’s lifetime. This CUP definition only includes epithelial malignancies 

(ICD-O-3: M-8000 - M-8570), which excludes for example sarcoma, lymphoma, 

mesothelioma, and melanoma. 

Follow-up
Cancer follow-up was established through annual record linkage with the 

Netherlands Cancer Registry (NCR) and the Dutch Pathology Registry (PALGA) 

[19]. Information regarding the site of metastasis was obtained from the NCR, but 

this data was only partially available and, therefore, supplementary information 

was retrieved from the pathology excerpts provided by PALGA. These pathology 

excerpts were also used to determine whether cytological and/or histological 

confirmed cases had been correctly categorised in the data received from the 

NCR. After 20.3 years of follow-up (17 September 1986 until 31 December 2006), 

data was available for a total of 1,353 potential CUP cases, and a subcohort of 4,774 

participants after removing members who reported a history of cancer (except 

for skin cancer) at baseline. After excluding CUP cases without microscopical 

confirmation or non-epithelial histology, a total of 1,073 CUP cases remained. CUP 

cases were further subdivided according to histology, according to the number 

of metastases (multiple metastases of the same type were counted as one 

metastatic site, for example, bone metastases in hip and vertebra were counted as 

one), according to localisation of metastasis (up to four locations), and according 

to survival duration. Participants were removed from the analysis if there was 

incomplete or inconsistent dietary data, or if there were selected confounders 

with missing values. As a result, 899 CUP cases and 4,111 subcohort members were 

available for assessment (see Figure 1).

Questionnaire data
Participants completed a self-administered questionnaire that included detailed 

questions on dietary habits, lifestyle, and other cancer risk factors. A 150-item semi 

quantitative food-frequency questionnaire was used that concentrated on the 

habitual consumption of food and beverages during the year preceding baseline 
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[20,21]. The food-frequency questionnaire had been validated against a 9-day 

diet record and was tested for reproducibility in the NLCS [22,23]. The Spearman 

correlation coefficients for the validity of red meat, processed meat, and fish, as 

investigated by the questionnaire were, 0.46, 0.54 and 0.53, respectively, compared 

to the results of the 9-day diet record [22]. The questionnaire contained 14 items on 

the consumption of meat as the main meal, 5 items on the consumption of meat 

used as a sandwich filling, and 3 items on the consumption of fish. Meats were 

grouped into red meat (overall), processed meat, and poultry. Red meat included 

beef, pork, minced meat (beef and pork), liver, and other meats (e.g., horsemeat, 

lamb). Processed meat (meat items that had undergone some form of preservation 

with nitrite salt, fermentation, or smoking) included ham, bacon, smoked beef, 

pork loin roll, and other sliced cold meats (e.g., sausages). Poultry included chicken 

and turkey. Fish consumption was measured in relation to the main meal, lunch, or 

as a snack between meals. 

Statistical analysis
Person-years at risk were calculated from baseline (17 September 1986) until CUP 

diagnosis, death, emigration, loss to follow-up, or end of follow-up (31 December 

2006), whichever occurred first. General characteristics were presented for 

subcohort members and CUP cases with frequencies (percentages) for categorical 

variables and means including standard deviations for continuous variables. Based 

on the distribution of the subcohort, participants were compared using quartiles 

(Q) or categories of red meat, processed meat, poultry, and fish consumption. For 

continuous analyses, increments of 50 grams per day were used for red meat, beef, 

pork, minced meat, and poultry consumption, and increments of 25 grams per day 

were used for liver, processed meat, and fish consumption. 

The predefined confounders included: age at baseline (years; continuous); sex 

(male/female); alcohol consumption (ethanol intake per day); cigarette smoking 

status (never/ever); cigarette smoking frequency (number of cigarettes smoked 

per day); cigarette smoking duration (number of years smoking); and total energy 

intake (kcal/day). The potential confounders included: body mass index (BMI) at 

baseline (kg/m2); non-occupational physical activity (<30 min/day, 30-60 min/

day, 60-90 min/day and >90 min/day); socio-economic status (highest level of 

education); diabetes (yes/no); history of cancer in a first degree relative (yes/no); 



Meat consumption and Cancer of Unknown Primary risk

5

99   

and vegetable and fruit consumption (grams per day). Variables were considered 

a confounder if they changed the HR by >10%. Accordingly, none of the potential 

confounders were included in the final model. No mutual adjustments were 

conducted between meat groups, as there was insufficient scientific evidence to 

conclude that they were related to CUP development.

Cox proportional hazards models were utilised to estimate age- and sex-adjusted, 

and multivariable-adjusted hazard ratios (HRs) with 95% confidence intervals (CIs). 
Standard errors were calculated using the robust Huber-White sandwich estimator 

to account for additional variance introduced by sampling from the full cohort 

[24]. The proportional hazards assumption was tested using the scaled Schoenfeld 

residuals [25]. In cases where the assumption had been violated, a time-varying 

covariate for that variable was added to the model where appropriate. Ordinal 

exposure variables were fitted as continuous variables in trend analyses. Wald tests 

and cross-product terms were used to evaluate possible multiplicative interaction 

between sex in relation to meat consumption and CUP risk, or between cigarette 

smoking status in relation to meat consumption and CUP risk. Analyses were 

conducted using Stata version 15. P values were considered statistically significant 

if p <0.05.

Three sensitivity analyses were conducted, the first of which was restricted to 

histologically verified CUP cases only, since it is more likely that those cases had 

undergone extensive diagnostic investigation(s) to rule out the primary tumour 

origin. For those patients who received cytological verification alone, other factors 

may have played a role in the decision to refrain from further diagnostic investigation 

such as age, comorbidities, performance status, localisation of metastasis, or the 

patient’s decision. The second sensitivity analysis was performed after the first two 

years of follow-up had been excluded so as to check for potential reverse causality 

bias as a result of preclinical cancer at baseline. Reverse causality bias may occur if 

participants change their dietary behaviour as a result of symptoms of preclinical 

cancer, whereas we are interested to see if dietary behaviour reduces or increases 

CUP risk. In the third sensitivity analysis, the first ten years of follow-up (<1996) were 

compared to the last ten years of follow-up (≥1996), as to see whether associations 

between meat consumption and CUP risk differed over time.
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Results
The statistical analyses of this study are based on 899 incident CUP cases and 

4,111 subcohort members with complete and consistent dietary data. CUP cases 

appeared to consume slightly more red meat (overall), processed meat, and fish 

than subcohort members (90.8 g/day versus 86.9 g/day & 15.0 g/day versus 13.1 g/

day & 14.1 g/day versus 12.9 g/day, respectively) (see Table 1). By contrast, subcohort 

members ate slightly more poultry than CUP cases (13.5 g/day versus 12.9 g/day). 

The comparison between CUP cases and subcohort members appeared to be 

confounded by sex with respect to consuming red meat (overall) and processed 

meat. Male CUP cases consumed more red meat (overall) than male subcohort 

members (95.1 g/day versus 93.4 g/day). Female CUP cases consumed more red 

meat (overall) than female subcohort members (83.5 g/day versus 80.6 g/day). In 

addition, male CUP cases ate slightly more processed meats than male subcohort 

members (16.4 g/day versus 15.8 g/day). Female CUP cases also ate more processed 

meats than female subcohort members (12.7 g/day versus 10.4 g/day). Neither 

poultry consumption nor fish consumption appeared to be confounded by sex.

Findings of the age- and sex- adjusted analyses were comparable to those of 

the multivariable adjusted analyses, which were additionally adjusted for alcohol 

consumption, cigarette smoking variables (status, frequency, duration), and total 

energy intake. Hence, only the results of the multivariable analyses are described 

below. In general, we observed no association between red meat (overall) 

consumption and CUP risk (HR for Q4 vs. Q1: 1.04, 95% CI: 0.83-1.30, Ptrend = 0.31) (see 

Table 2). We observed an increased risk between beef consumption and CUP, for 

which a statistically significant trend was found (HR for Q4 vs. Q1: 1.22, 95% CI: 0.99-

1.52, Ptrend = 0.02). A statistically significant association was also observed between 

processed meat consumption and CUP risk (HR for Q4 vs. Q1: 1.40, 95% CI: 1.12-1.75, 

Ptrend = 0.006). No association was found between poultry consumption and CUP 

risk (HR for C4 vs. C1: 0.97, 95% CI: 0.79-1.21, Ptrend = 0.28). For fish consumption, we 

observed an increased CUP risk, but it was not statistically significant (HR for Q4 vs. 

Q1: 1.25, 95% CI: 0.99-1.57, Ptrend = 0.29).

As described above, meat consumption differed markedly between men and 

women concerning both red meat (overall) and processed meat. Therefore, we 

stratified the analyses based on sex (see Table 3). For beef consumption and CUP risk 

in men alone, the association attenuated and the trend was no longer statistically 
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significant (HR for Q4 vs. Q1: 1.12, 95% CI: 0.85-1.47, Ptrend = 0.31). Conversely, for beef 

consumption and CUP risk in women alone, the association became stronger and 

was statistically significant (HR for Q4 vs. Q1: 1.47, 95% CI: 1.04-2.07, Ptrend = 0.004). For 

processed meat consumption and CUP risk in men alone, the association slightly 

attenuated and was no longer statistically significant (HR for Q4 vs. Q1: 1.33, 95% 

CI: 0.99-1.79, Ptrend = 0.15). Yet, the association appeared to be more pronounced in 

women and remained statistically significant (HR for Q4 vs. Q1: 1.53, 95% CI: 1.08-

2.16, Ptrend = 0.001).

Furthermore, we checked whether there was a potential for residual confounding 

by cigarette smoking status and the association between meat consumption and 

CUP risk. We observed that the associations between beef and processed meat 

consumption and CUP risk increased when comparing current smokers to never 

smokers in women (data not shown). It should, however, be acknowledged that 

there were fewer cases available in the categories due to the stratification for 

both sex and cigarette smoking status. Our observations suggest that residual 

confounding by cigarette smoking status is unlikely in women.

We observed no multiplicative interactions between sex and the consumption 

of red meat (overall), beef, pork, minced meat, liver, processed meat, poultry, or 

fish in relation to CUP risk (Pinteraction = 0.64, 0.55, 0.22, 0.19, 0.41, 0.52, 0.11, and 0.22, 

respectively). In addition, no multiplicative interactions were observed between 

cigarette smoking status and the consumption of red meat (overall), beef, pork, 

minced meat, liver, processed meat, poultry, or fish in relation to CUP risk (Pinteraction 

= 0.27, 0.88, 0.22, 0.56, 0.14, 0.24, 0.88, and 0.80, respectively).
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Results from the first sensitivity analysis with restriction to histologically verified CUP 

cases alone, for whom extended diagnostic methods are more expected (compared 

to cytologically verified CUP cases), indicate that the findings are similar to those of 

the overall multivariable analyses except for beef consumption and CUP risk (HR for 

Q4 vs. Q1: 1.16, 95% CI: 0.91-1.49, Ptrend = 0.21), possibly due to fewer cases. We presume 

that the results of the overall multivariable analyses represent CUP cases with or 

without an extensive diagnostic work-up. Our secondary sensitivity analysis, in which 

the first two years of follow-up were excluded so as to check for potential reverse 

causality bias, also demonstrate similar findings to those observed in the complete 

analysis (data not shown). In our third sensitivity analysis, after splitting the follow-

up time to compare the first ten years of follow-up to the last ten years of follow-up, 

we observed that the association between beef consumption and CUP risk was the 

highest in the first ten years of follow-up, whereas it attenuated in the last ten years 

of follow-up. On the other hand, for processed meat consumption and CUP risk, no 

association was found in the first ten years of follow-up, while there was a positive 

statistically significant association in the last ten years of follow-up.

Discussion
In this detailed investigation of meat consumption and CUP risk, we found that beef 

and processed meat consumption were positively associated with the development 

of CUP in women. We found a non-significant positive association between 

processed meat consumption and CUP risk in men. In contrast, no associations 

were observed between red meat (overall), poultry, or fish consumption and CUP 

risk. We observed no multiplicative interactions between sex or cigarette smoking 

status and meat consumption and CUP risk.

To the best of our knowledge, only one study has previously investigated 

the relationship between red meat and processed meat and CUP risk. The 

abovementioned Australian cohort study compared 327 incident CUP cases to two 

sets of controls (3:1) that were randomly selected using incidence density sampling 

with replacement. Their study found no relation between red meat consumption 

and CUP risk; it used the usual number of servings as >3 red meats/week compared 

to <3 red meats/week for dichotomous comparisons [11]. For processed meat 

consumption and CUP, its authors observed an increased risk when comparing the 

usual number of servings as >3 processed meats/week compared to <3 processed 

meats/week, although the association was not statistically significant [11]. In the 
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NLCS, by contrast, we have investigated the association between meat consumption 

and CUP risk in greater detail by assessing combined groups of meats such as red 

meat, processed meat, poultry, and fish, as well as individual meat items. We have 

found that beef and processed meat consumption are significantly associated with 

an increased CUP risk, but that red meat (overall), poultry, and fish consumption do 

not appear to be associated with CUP risk. Consequently, while our study confirms 

the findings of the Australian cohort study in indicating no association between red 

meat (overall) consumption and CUP risk, we do observe an association between 

beef and processed meat consumption and CUP risk [11]. The consumption of red 

and processed meat has been linked to colorectal cancer in previous epidemiological 

studies (probable increasing risk and convincing increasing risk, respectively) [26]. It 

also known that colorectal cancer predominantly metastasises to the liver via the 

portal circulation [27], therefore, we have conducted an additional analysis to study 

whether the association between meat consumption is stronger in CUP patients 

with metastases located in the liver. We found the association between processed 

meat consumption and CUP risk in patients with a liver metastasis to be increased 

(per 25 grams per day increment HR: 1.34, 95% CI: 1.14-1.58, Ptrend = 0.001) compared 

to the result of the overall analysis (per 25 grams per day increment HR: 1.19, 95% CI: 

1.05-1.34, Ptrend = 0.006). In addition, based on data obtained from the NCR, 36.1% of 

the primary tumours that metastasised to the liver, originated in the colorectum 

(ICD-O-3 C18-C20) between 1986 and 2006 in the Dutch population. In line with 

the results of our analysis, it is thus plausible that in a considerable number of 

CUP patients with a liver metastasis, the primary tumour origin is the colorectum. 

Furthermore, we have checked the potential of residual confounding by cigarette 

smoking status. Despite studying fewer cases in the categories of interest due to 

stratification based on sex and cigarette smoking status, the association between 

beef and processed meat consumption did not differ greatly between the strata 

(never, ex, current smokers) in women, thereby hinting that the potential of residual 

confounding is unlikely. We have also checked whether splitting the follow-up time 

had an influence on the association between meat consumption and CUP risk. We 

observed that the association between beef consumption and CUP risk was highest 

in the first ten years of follow-up, whereas it attenuated in the last ten years of follow-

up. For processed meat consumption and CUP risk, no association was found in 

the first ten years of follow-up, while there was a positive statistically significant 

association in the last ten years of follow-up. An indication for these findings might 

be that there is a shorter latency period for beef consumption and a relatively longer 
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latency period for processed meat consumption, or that it concerns a chance finding 

as there were fewer cases available due to splitting the follow-up time. Therefore, 

more studies would be needed to investigate such conclusions.

As briefly presented in the introduction, scientific evidence has already revealed 

associations between red meat intake and processed meat intake and the development 

of specific cancers, though the associations are less consistent concerning poultry and 

fish consumption and carcinogenesis [13,17]. As we have demonstrated here, however, 

there does appear to be a discernible connection between the consumption of beef 

and processed meats and the development of CUP. 

Strengths and limitations
Important strengths of this study are its prospective cohort design, large sample size of 

120,852 participants, large number of incident CUP cases, and the detailed availability of 

exposure and confounder data. Moreover, completeness of record linkage with the NCR 

and PALGA for cancer follow-up was at least 96%, which minimizes selection bias [28]. 

Vital status follow-up was complete for almost 100% after 20.3 years. Details on incident 

CUP cases were obtained from the NCR and included specific information from both 

pathology reports and clinical reports [29]. In addition, we could access the pathology 

excerpts and thus check whether the cytological and/or histological confirmed cases 

had been correctly categorised in the data provided by the NCR. The NCR registry clerks 

applied uniform coding rules when entering data based on medical files. 

There are certain limitations that should be acknowledged. Exposure data on meat 

consumption were only measured at baseline in 1986, so participants may have 

changed their dietary habits after having completed the questionnaire, which 

could result in bias due to misclassification. The questionnaire was tested, however, 

both for validity and reproducibility purposes and appeared to be representative 

for dietary habits over a period of at least five years [22,23]. In addition, this potential 

bias should be non-differential between CUP cases and subcohort members.

Conclusions
Beef and processed meat consumption appear to be positively associated with CUP 

risk in women. Similarly, a positive association was found between processed meat 

consumption and CUP risk in men, although it was not statistically significant. We found 

no associations between red meat (overall), poultry, or fish consumption and CUP risk. 
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Abstract
Objective: Cancer of Unknown Primary (CUP) refers to the presence of metastatic 

lesions, with no identifiable primary site during the patient’s lifetime. Poor survival 

and lack of available treatment highlight the need to identify potential CUP risk 

factors. We investigated whether a family history of cancer is associated with 

increased CUP risk. 

Methods: We performed a case cohort analysis using data from the Netherlands 

Cohort Study, which included a total of 963 CUP cases and 4,288 subcohort 

members. A Cox Proportional Hazards Regression was used to compare CUP risk 

in participants who reported to have a family member with cancer to those who 

did not, whilst adjusting for confounders.  

Results: In general, we observed no increased CUP risk in those who reported 

a family history of cancer. CUP risk appeared slightly increased in those who 

reported cancer in a sibling (HR: 1.16, 95% CI: 0.97-1.38), especially in those with a 

sister with cancer compared to those without (HR: 1.23, 95% CI: 0.99-1.53), although 

these findings are not statistically significant.

Conclusion: Having a family history of cancer is not an independent risk factor 

of CUP. 
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Introduction
Cancer of Unknown Primary (CUP) refers to the presence of metastatic lesions 

in a patient without an identifiable primary site (National Institute for Health 

and Care Excellence, 2010). Globally, CUP incidence has been decreasing. This 

decrease may be partly explained by improved imaging techniques and molecular 

investigation(s) used to identify primary tumour sites (Rassy & Pavlidis, 2019). It 

is difficult to determine the true international incidence and prevalence of CUP, 

centres define CUP differently and definitions have varied over time within centres. 

Nevertheless, in the Netherlands, CUP accounted for approximately 1,300 patients 

in 2018 (Comprehensive Cancer Centre the Netherlands, 2020).

Despite advances in diagnostics leading to identification of primary sites in 

patients that would previously have been classified as CUP patients, the limited 

improvement in treatment means CUP remains difficult to treat. Therefore, the 

prognosis for most CUP patients is notoriously poor, with a median survival of 

around 2 months (Schroten-Loef et al., 2018). The limited opportunity for curative 

and life-prolonging treatment highlights the need for a preventative approach to 

managing CUP (Rassy, Assi, & Pavlidis, 2020). Such approaches require identification 

of risk factors as well as identification of people most at risk, which is challenging 

given that CUP aetiology studies are relatively understudied.  

Demographic factors appear to be important for CUP risk, since increased CUP risks 

are seen both in women and with increasing age (Luke et al., 2008). Studies in younger 

patients demonstrate higher rates of CUP incidence in metropolitan areas with lower 

socio-economic status. A higher prevalence of potential risk factors and reduced 

access to healthcare, and/or overdiagnosis of CUP as a result of poorer access to 

diagnostic facilities that specifically identify primary tumours could explain these 

findings (Pavlidis, Rassy, & Smith-Gagen, 2020). Additionally, modifiable lifestyle 

related risk factors have been highlighted as influential. For instance, CUP is 

associated with cigarette smoking (Hemminki, Chen, et al., 2015; Hermans, van den 

Brandt, Loef, Jansen, & Schouten, 2021; Kaaks et al., 2014; Vajdic et al., 2019). Similarly, 

alcohol consumption is also associated with CUP risk in a dose-response relationship 

(Hermans et al., 2021). A weaker association was found for waist circumference which 

was no longer statistically significant after adjusting for confounders (Kaaks et al., 2014). 

Some evidence shows that CUP is associated with a multitude of pre-existing 

health conditions. In an Australian population, CUP patients were found to be 
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more likely to suffer with diabetes and a pre-existing cancer diagnosis (Vajdic et 

al., 2019). This was also seen in a Swedish population where CUP was associated 

with diabetes and various autoimmune disorders (Hemminki, Försti, Sundquist, & 

Li, 2016; Hemminki, Sundquist, Sundquist, & Ji, 2015).   

The lack of studies that investigate the associations between CUP and modifiable 

and demographic characteristics makes it difficult to draw firm conclusions on 

which factors increase CUP risk. This is also the case for the possible familial aspects 

of CUP. The possible role of genetic susceptibility and shared environmental 

factors contributing to increase CUP risk, is hinted at by the extensive evidence 

for clustering of cancer within families across anatomical sites (Hemminki, Bevier, 

Sundquist, & Hemminki, 2012; Hemminki, Ji, Sundquist, & Shu, 2011; Zeegers, 

Schouten, Goldbohm, & van den Brandt, 2008).  

This propensity for familial clustering also appears to be a trait of CUP, as familial 

clustering was demonstrated in a study using the Swedish Family Cancer Database, 

which found CUP patients were more likely to have a sibling with CUP. Moreover, 

patients who had a diagnosis of lung, liver, kidney, pancreatic, ovarian, or colorectal 

cancer were also more likely to have a family member diagnosed with CUP. The same 

authors redemonstrated these associations using an updated version of the database 

(Hemminki et al., 2011; Hemminki, Sundquist, Sundquist, Hemminki, & Ji, 2016). This 

finding is supported by evidence from a nested case control study in a Utah population 

which similarly found an increased CUP risk, as well as increased risk of lung and 

pancreatic cancer, myeloma, and non-Hodgkin lymphoma in family members of CUP 

patients compared to relatives of population controls without CUP (Samadder et al., 

2016). Hemminki et al. (2012) examined the association between the anatomical site 

of cancer in a family member and the risk of metastasis of CUP at that same site. The 

strongest significant associations were seen for lung, pancreatic, and ovarian cancer, 

suggesting that the location of the hidden primary in CUP patients may coincide with 

the anatomical site of cancer in their family members (Hemminki et al., 2012). 

These findings imply that CUP may have a familial component, yet the number of 

studies is small and the studies are limited in terms of variety of populations and the 

study designs applied. Therefore, in the present study we examined the association 

between cancer in family members (both overall and in specific relatives) and 

CUP risk as well as the association between cancer in family members at specific 

anatomical sites and CUP risk. In order to do so, we formulated the following research 
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questions: 1) What is the association between a family history of any cancer in first 

degree relatives and CUP risk? and 2) What is the association between a family 

history of cancer in first degree relatives at specific anatomical sites and CUP risk? 

Methods
Design and study population 
The NLCS is a prospective cohort study which started in 1986. Its primary aim was to 

investigate associations between diet and cancer. The design and methods used in 

the NLCS are described in detail elsewhere (Van den Brandt, Goldbohm, et al., 1990). A 

total of 120,852 participants aged 55-69 were sampled from 204 Dutch municipalities. 

Key demographic variables were extracted from municipal population registries. 

Participants were asked to complete a baseline questionnaire which entailed detailed 

information regarding diet and other cancer related risk factors. The case-cohort 

design was applied for increased efficiency of data processing and analyses. Therefore, 

a subcohort of 5,000 participants was used to estimate both the person-years at risk 

accumulated, and the characteristics of the full cohort. The subcohort comprises a 

randomly selected group of participants at baseline, in whom CUP cases can occur 

(Barlow, Ichikawa, Rosner, & Izumi, 1999). Participants with a prevalent diagnosis of 

cancer at recruitment were excluded, unless that diagnosis was skin cancer.  

Outcome measure 
For this study, CUP cases are patients with either a histologically and/ or 

cytologically confirmed epithelial malignancy with no identifiable primary 

site during the patient’s lifetime (ICD-O-3: M-8000 - M8570). With the focus on 

epithelial malignancies, CUP cases who had a histology of sarcomas, lymphomas, 

mesotheliomas, and melanomas were not considered. 

Follow-up
CUP cases were identified from the total cohort of the NLCS during a follow up 

period of 20.3 years using record linkage to the Netherlands Cancer Registry (NCR) 

and the Dutch Pathology Registry (PALGA) (Van den Brandt, Schouten, Goldbohm, 

Dorant, & Hunen, 1990). A total of 963 CUP cases and 4,288 subcohort members 

were available for analyses after excluding participants with missing data for 

variables used in the multivariable model.   
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Questionnaire Data 
Data was obtained through a self-administered questionnaire that included 

detailed questions on dietary information, and other cancer risk factors such as 

smoking, alcohol consumption, history of cancer and comorbidities. With respect 

to family history of cancer, participants were asked whether they had a brother, 

sister, or parent who had cancer. Participants who responded yes were then asked 

to document the relative affected, the type of cancer, the age at diagnosis, as well 

as the relative’s current age or age of death if applicable. Participants were asked 

to give information about the number of siblings they had, and if applicable, their 

year and cause of death. The questionnaire also included questions on smoking 

behaviour, which was measured based on smoking status (never, former or current 

smokers), smoking duration (number of years) and smoking frequency (cigarettes 

per day). The questionnaire also addressed alcohol consumption, most notably 

the number of alcoholic drinks that had been consumed in the previous week (in 

glasses), which represented average alcohol consumption in ten grams per day 

increments. BMI (kg/m2) was calculated using self-reported height (cm) and weight 

(kg) at baseline. Participants were asked to state their highest level of education 

achieved, to represent socioeconomic status. Diabetes status was asked to indicate 

whether the participant had self-reported a doctor’s diagnosis of diabetes in the 

questionnaire. For non-occupational physical activity (gardening, cycling and 

walking, and sports/physical exercise), participants could report their activity value, 

which was summed into a total non-occupational physical activity value. 

Statistical Analysis 
Characteristics of CUP cases and subcohort members were compared based on the 

variables of interest. Frequencies and percentages were used for categorical variables, 

with means and standard deviations for continuous variables. Cox Proportional 

Hazards Regression was used for case-cohort analyses. Cases derived from the full 

cohort and the person-time-at-risk for the cohort was calculated using the subcohort. 

CUP risk was modelled against a family history of cancer to produce hazard ratios (HRs) 

and 95% confidence intervals (CIs). CUP risk was assessed in participants with any first 

degree relative with cancer, specifically in siblings or parents as well as discordant 

anatomical sites. To perform such analyses, three variables were created. The first 

binary variable compared participants with at least one family member (either a sibling 

or parent) with cancer to participants with no reported family members with cancer. 

A binary variable was created to represent specific first-degree relatives including 
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brothers, sisters, fathers and mothers individually. A separate variable was created 

both for brothers and sisters to account for the difference in biological sex, a factor 

which has been demonstrated to influence CUP risk. Similarly, a binary variable was 

used to compare participants with at least one parent affected with cancer against 

participants with no parents affected. The CUP risk in participants who reported a 

family history of cancer at specific sites was also analysed. This analysis was done for 

breast, ovarian, endometrial, bowel, stomach, lung, kidney, prostate, bladder, pancreas, 

head and neck, leukaemia, and lymphoma, as it has been shown that family members 

of patients with such cancers are at an increased CUP risk. Here, binary variables were 

used to indicate presence or absence of this cancer in the family history.   

Age, sex, smoking, and alcohol consumption were considered as predefined confounders 

and were used in all statistical models, as these factors have been demonstrated to be 

associated with CUP (Hemminki, Chen, et al., 2015; Hermans et al., 2021; Kaaks et al., 2014; 

Vajdic et al., 2019). Potential confounders (BMI, socio-economic status, physical activity, 

and diabetes status) were evaluated using the backward elimination procedure. A 

variable was considered a confounder if it introduced a greater than 10% change in 

the HRs once it was removed. Accordingly, none of the potential confounders were 

included in the final model. Once the variables and interaction terms had been 

established, CUP was modelled against family history of cancer overall, in siblings and 

in parents separately. Lastly, CUP was modelled against family history of cancer in 

discordant anatomical sites of the family members. Scaled Schoenfeld residuals were 

used to test for the proportional hazards assumption (Lin & Wei, 1989). Log minus log 

plots were visually inspected for confirmation. If the assumption was deemed to be 

violated, this was managed by including a time varying covariate (TVC) for the variable 

at which the violation occurred. Consequently, we added a TVC for age in the age-sex 

adjusted analysis and for cigarette smoking status and cigarette smoking duration in 

multivariable analyses. Standard errors were calculated using the robust Huber-White 

sandwich estimator to account for additional variance introduced by sampling from 

the full cohort. The Wald test was used to test for multiplicative interaction between 

age and family history of cancer, sex and family history of cancer, and smoking and 

family history of cancer. All analyses were conducted using the sixteenth edition of 

Stata. P values below 0.05 indicate statistical significance.

A sensitivity analysis was performed by restricting the analysis to the histologically 

verified cases of CUP only, as these participants were more likely to have undergone 

extensive diagnostic investigations before a diagnosis was made. Also, these 

participants were more likely to meet to more stringent CUP case definitions, 
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such as those given by NICE (National Institute for Health and Care Excellence, 

2010). CUP cases that had been confirmed cytologically but not histologically were 

excluded from this part of the analysis.      

Results
A total of 963 CUP cases and 4,288 subcohort members were available in our 

multivariable models. The majority of CUP cases were male (62.6%) which differs 

substantially from the distribution seen in the subcohort (49.2%) (see Table 1). On 

average, cases were a year older than subcohort members (62 years old and 61 years 

old, respectively). A greater proportion of cases were current cigarette smokers 

(37.8%) compared to the subcohort (27.6%). A greater frequency and duration of 

cigarette smoking was seen amongst smokers in cases compared to smokers in 

the subcohort. Average alcohol consumption (in grams) was also higher in cases 

compared to the subcohort, with 14 and 10 grams consumed per day, respectively. 

A slightly higher proportion of cases reported a family history of cancer in at least 

one first degree relative (47.7%) compared to the subcohort (45.4%). 

Participants who had at least one family member with a history of cancer were not at 

an increased CUP risk (multivariable adjusted HR: 1.10, 95% CI: 0.95-1.27) compared to 

participants without (see Table 2). An age-stratified analysis was conducted to obtain 

age category specific hazard ratios. CUP risk was slightly increased in those aged 

60-64 years old (multivariable adjusted HR: 1.27, 95% CI: 1.01-1.61) with a family history 

of cancer in any relative compared to participants of the same age with no family 

history of cancer. In terms of siblings and parents, a slightly increased CUP risk was 

observed in participants with at least one sibling with a history of cancer (multivariable 

adjusted HR: 1.16, 95% CI: 0.97-1.38) compared to those without, though this was not 

statistically significant. Multivariable adjusted estimates for parents did not reveal a 

significant association (HR: 1.02, 95% CI: 0.88-1.19). When mutually adjusting for both 

siblings and parents, these estimates did not change notably, compared to sibling 

and parent only analyses. We further adjusted for the number of brothers and sisters 

the participants had, but this did not alter estimates either. With respect to specific 

first-degree relatives, a slightly increased CUP risk was observed in participants with 

a family history of cancer in a sister (multivariable adjusted HR: 1.23, 95% CI: 0.99-1.53), 

though this was not statistically significant. No association was found in those with a 

brother with a family history of cancer. Similarly, CUP risk was not increased in those 

with a family history of cancer in a father compared to those without, nor was the risk 

increased in those with a family history of cancer in a mother. 
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CUP was not associated with family history of cancer of breast, ovarian, endometrial, 

bowel, stomach, lung, prostate, bladder, pancreas, head and neck, lymphoma, and/

or leukaemia (see Table 3). However, CUP risk appeared to be reduced in those who 

reported a family history of kidney cancer (multivariable adjusted HR: 0.27, 95% CI: 

0.08-0.90), though only three CUP cases reported a family history of kidney cancer.

A total of 687 CUP cases and 4,288 subcohort members were available when the 

analysis was restricted to histologically verified cases alone. The results of this 

analysis did not differ markedly from the unrestricted analyses with the exception 

of the association seen for kidney cancer (data not shown). For kidney cancer, 

CUP risk remained to be reduced, but it was no longer statistically significant. No 

multiplicative interaction was detected between age and family history of cancer, 

between sex and family history of cancer, nor between smoking status and family 

history of cancer. 

Discussion  
In this prospective cohort study, having a family history of cancer is not an 

independent risk factor of CUP. The only consistent association observed was a 

moderately increased CUP risk in participants who reported a sibling with cancer 

compared to those who did not. An increased CUP risk was also found in sisters 

with cancer. However, the association seen for both siblings and sisters were not 

statistically significant.

Previous studies have investigated CUP risk in relatives of the proband whilst this 

study has investigated risk in the proband. A cohort study using the Swedish Family-

Cancer Database examined CUP risk in family members of patients with various 

cancers. It demonstrated that people with kidney, lung, and colorectal cancers had 

higher CUP risks in relatives (Hemminki et al., 2011). This association was stronger 

for siblings than for parents. This evidence was supported by similar results when 

the study was repeated using an updated version of the database by the same 

authors (Hemminki et al., 2011; Hemminki, Sundquist, et al., 2016). Similarly, a nested 

case control study of an American population (Utah) found an elevated CUP risk 

in family members of lung, pancreatic, myeloma and non-Hodgkin lymphoma 

patients compared to relatives of population controls without CUP (Samadder et 

al., 2016). These three studies were, however, unable to adjust for confounders. To 

provide further evidence and examination of the family history-CUP association, 
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we investigated whether this association is present in the opposite direction to 

previous investigations (Hemminki et al., 2011; Hemminki, Sundquist, et al., 2016; 

Kaaks et al., 2014; Samadder et al., 2016), by assessing whether CUP risk is increased 

by the presence of cancer in family members. Extrapolating from the associations 

seen in these previous studies, we expected CUP risk to be elevated in those with 

a family history of cancer compared to those without, particularly at the specific 

cancer sites mentioned above. We observed slightly increased CUP risk in those 

who reported a sibling with any cancer, but not in parents. This association appears 

to be accounted for by the increased CUP risk that we observed in participants 

who reported to have sisters with a diagnosis of cancer compared to participants 

who did not. In general, the association appears to be comparable with evidence 

from the Swedish cohort study, in which an increased CUP risk was observed in 

siblings of patients with cancer at many different anatomical sites. Associations 

between siblings partly point towards lifestyle-related factors, such as smoking 

behaviour and alcohol consumption, which may be more similar between siblings, 

rather than between parents and children. 

 The findings of the NLCS are inconsistent with the considerable associations 

observed between CUP risk and discordant cancer sites in previous studies 

(Hemminki et al., 2011; Hemminki, Sundquist, et al., 2016; Samadder et al., 2016). 

We found that only kidney cancer appeared to be associated with lower CUP 

risk, however only three CUP cases were available for analysis, so it is likely to be a 

chance finding. Previous associations observed between CUP and family history 

may possibly be explained by the general tendency for cancers of varying and 

discordant sites to cluster within families, rather than the family history itself 

directly increasing CUP risk. The most consistent association we observed was a 

marginally increased CUP risk in those with a sister with any cancer compared to 

those without sisters with cancer. The risk was moderately increased in age-sex 

adjusted models and multivariable adjusted models, and it remained statistically 

significant when restricting to histologically confirmed CUP cases. This finding may 

suggest that CUP is associated with cancers that occur in females, such as breast, 

uterine and ovarian cancer. However, we observed no associations between CUP 

and these cancers, so it is unlikely that the association seen in sisters is explained 

by female specific cancers. Instead, it is more likely that the association can be 

explained by sex specific excesses at other cancer sites such as lung cancer.  
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The strengths of this study lie in its prospective design, large cohort size, and 

high number of CUP cases available for analyses (compared to previous studies). 

Moreover, the data obtained from the NCR ensured that CUP cases were uniformly 

recorded and coded by trained registry clerks. Our study offers one particular 

advantage over previous studies, in that we were able to adjust for multiple 

confounders when estimating CUP risk. Addressing these confounders is essential 

as these lifestyle related factors (such as smoking and alcohol consumption) may 

modulate CUP risk, which could explain the marked associations in the Swedish 

studies. However, it should be noted that their methods to establish a participant’s 

family history of cancer status may be more valid than those used in our study, as 

they were able to use the same registry to identify CUP cases and cancer in the 

family (Hemminki et al., 2011; Hemminki, Sundquist, et al., 2016).  Furthermore, the 

use of a one-time measurement of presence of family history of cancer at baseline, 

may lead to non-differential misclassification of the participant’s exposure status; 

participants may not report a family history of cancer at baseline, yet they may 

have family members diagnosed with cancer during the course of the follow-up. 

This misclassification may be augmented by the use of a questionnaire, relying 

on recall and close family ties, especially without verification of documented 

diagnoses in family members as in this study. This problem is likely to be increased 

if participants were asked to recall more specific details regarding the cancer site; it 

is easier for participants to recall whether their family members had cancer or not, 

rather than recall whether it was ovarian cancer or metastatic cancer (Schrijvers, 

Stronks, van de Mheen, Coebergh, & Mackenbach, 1994).  

It has previously been highlighted that some familial cancers have a tendency for 

a younger age of diagnosis, and it is possible that any familial mechanism in CUP 

may present a similar pattern (Hemminki et al., 2011). This finding may explain the 

slightly higher estimates we observed between a family history of cancer and age. 

With our dataset being composed of those between the ages of 55-69, while CUP 

can occur at younger ages, it is possible that CUP cases where family history played 

a more prominent role might not have been available in our study population. 

Therefore, it remains highly plausible that this unavailability markedly reduced 

associations between family history and CUP in the NLCS.  
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To the best of our knowledge, this study is the first to have examined whether the 

presence of cancer in a person’s family history affects their CUP risk. We thus provide 

new evidence to help uncover the role of familial aspects in CUP development. 

Within this cohort, having a family history of cancer is not an independent risk 

factor of CUP. In light of our findings, we suggest caution be employed when 

attempting to draw conclusions as to whether a family history of cancer increases 

CUP risk. 
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Abstract
Objectives: Cancer of unknown primary (CUP) is a metastatic malignancy with 

an unidentifiable primary tumour origin. Previous studies suggest that Type 2 

diabetes mellitus (T2DM) and CUP risk are associated. This study examines the 

association in greater depth by investigating T2DM status, T2DM duration, T2DM 

age at diagnosis, and medication that was being used in relation to CUP. 

Methods: Data was utilised from the Netherlands Cohort Study, a prospective 

cohort that includes 120,852 participants aged 55-69 years at baseline in 1986. All 

participants completed a self-administered questionnaire on cancer risk factors. 

CUP cases were identified through record linkage with the Netherlands Cancer 

Registry and Dutch Pathology Registry. After 20.3 years of follow-up, 963 incident 

CUP cases and 4,288 subcohort members were available for case-cohort analyses. 

Proportional hazards models were employed to estimate multivariable adjusted 

hazard ratios (HRs).

Results: Overall, we observed a non-significant positive association between 

T2DM status and CUP risk (HR: 1.35, 95% CI: 0.92-1.99), which increased in women 

after stratification for sex (HR: 1.55, 95% CI: 0.90-2.64). For participants who were 

aged <50 years at diagnosis of T2DM, a statistically significant positive association 

was found in relation to CUP (HR: 2.42, 95% CI: 1.26-4.65), compared to participants 

without T2DM. 

Conclusions: Our findings indicate that there is a non-significant positive 

association between T2DM and CUP risk, and that the association became stronger 

in women in stratified analyses.
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Introduction
Cancer of Unknown Primary (CUP) denotes a heterogenous group of metastatic 

tumours where the identification of the primary tumour is unknown at diagnosis 

(Loffler and Kramer, 2016). Globally, CUP incidence rates have been declining and currently 

reaches 1-2% of all incident cancer diagnoses (Rassy and Pavlidis, 2019). In the Netherlands, 

approximately 1,300 patients have been diagnosed with CUP in 2018 (Schroten-Loef et 

al., 2018,Comprehensive Cancer Centre the Netherlands, 2020,Meijer et al., 2020). As yet, little research has been 

conducted into its aetiology. CUP risk factors that have been identified in previous 

epidemiological studies include smoking (Kaaks et al., 2014,Hemminki et al., 2015,Vajdic et al., 2019a,Hermans 

et al., 2021a), alcohol consumption (Hermans et al., 2021a), and meat consumption (Vajdic et al., 

2019a,Hermans et al., 2021b).

In the current study, we are particularly interested to explore the relationship 

between Type 2 diabetes mellitus (T2DM) and CUP risk, as T2DM has been 

associated with increased risk of various types of cancer (Giovannucci et al., 2010). T2DM 

is characterised by metabolic disorders that are denoted by hyperglycaemia, 

and accounts for approximately 90% of all DM (Giovannucci et al., 2010,Nolan et al., 2011,Saeedi et al., 

2019). Worldwide, it was estimated that 463 million people had DM (Type 1 and 2 

combined) in 2019, and numbers are expected to increase rapidly (Saeedi et al., 2019). 

To the best of our knowledge, only two studies have investigated the association 

between T2DM and CUP risk (Hemminki et al., 2016,Vajdic et al., 2019b). A Swedish study found that 

T2DM was associated with increased CUP risk compared to participants with no 

diabetes (Hemminki et al., 2016). In an Australian prospective cohort study, patients with DM 

were also found to be at an increased CUP risk (Vajdic et al., 2019b). We aimed to further 

examine the association between T2DM and CUP risk by assessing T2DM duration, 

age at diagnosis, and medication that was being used, as well as multiplicative 

interactions between smoking, BMI, physical activity, and alcohol consumption in 

relation to CUP risk.  
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Methods
Design and study population
The Netherlands Cohort Study (NLCS) commenced in 1986 and included 120,852 

participants between 55-69 years at baseline. Participants originated from 204 

Dutch municipalities. Participants became part of the cohort after returning 

their completed questionnaire (Van den Brandt et al., 1990b). Data processing and analysis 

was conducted through a case-cohort approach where incident CUP cases were 

obtained from the full cohort through record linkage with the Netherlands Cancer 

Registry (NCR) and the Dutch Pathology Registry (PALGA). The number of person-

years at risk for the full cohort was estimated from a subcohort of 5,000 participants 

which were randomly sampled from the full cohort at baseline.

Outcome measure 
CUP is defined as a metastasised epithelial malignancy with no identifiable 

primary tumour origin after cytological and/or histological verification during 

a patient’s lifetime. This CUP definition only includes epithelial malignancies 

(ICD-O-3: M-8000 - M-8570), which excludes sarcoma, lymphoma, mesothelioma, 

and melanoma.

Follow-up
Cancer follow-up was determined through annual record linkage of the full cohort 

with the Netherlands Cancer Registry (NCR) and the Dutch Pathology Registry 

(PALGA) to identify CUP cases within the NLCS (Van den Brandt et al., 1990a). Follow-up 

duration was 20.3 years (17 September 1986 until 31 December 2006, which resulted 

in 1,353 potential CUP cases and 4774 subcohort members who did not report a 

history of cancer (except for skin cancer) at baseline. Participants were excluded 

from the analyses if there was missing data on selected confounders (390 CUP 

cases and 486 subcohort members). Consequently, data were available for 963 

incident CUP cases with microscopical confirmation/and epithelial histology and 

4,288 subcohort members.  
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Questionnaire data 
All participants filled out a self-administered questionnaire on dietary habits and 

other risk factors for cancer at baseline. With respect to DM, the questionnaire 

addressed the following questions: ‘Has a physician ever diagnosed you with 

diabetes mellitus and what was your age at that time?’ Participants could select 

the corresponding age category ranging from ‘younger than 30 years’, followed by 

5-year age categories ranging from ’30 to 34 years’ up to ‘65 to 69 years’. Based on 

previous epidemiological evidence, we determined that if participants indicated 

to have been diagnosed with DM after the age of 30 years, they were classified as 

having T2DM (de Kort et al., 2016). Participants with probable Type 1 diabetes mellitus (T1DM) 

were excluded from analyses (8 CUP cases and 10 subcohort members). Diabetes 

duration was calculated by subtracting the age at diagnosis of DM from the age 

at baseline. Participants were also asked to indicate ‘What medication they used 

longer than six months, for what condition(s) and in what period(s)?’. They could fill 

in the name of the medication and for what condition the medicine was used in their 

respective time period(s). The medication was classified according to the Anatomical 

Therapeutic Chemical (ATC) from the World Health Organization Collaborative 

Centre for Drug Statistical Methodology. Anti-diabetic medication was categorised 

into drugs based on “insulin and analogues” and “drugs lowering the blood glucose 

level (excluding insulin)”. The questionnaire also included detailed questions on 

smoking, BMI, physical activity and alcohol consumption. Smoking was measured 

through questions related to baseline smoking status, age at first exposure and last 

exposure to smoking after cessation. Smoking frequency and smoking duration 

(excluding cessation periods) for cigarette, cigar and pipe smokers. Participants that 

were considered themselves to be non-smokers were denoted as never smokers. 

To avoid collinearity problems, smoking frequency and smoking duration were 

centered as proposed by Leffondré et al. (Leffondre et al., 2002). Height in centimetres 

(cm) and weight in kilogram (kg) were determined at baseline and permitted the 

calculation of BMI at baseline squared (kg/m2). Physical activity was examined by 

questions encircling recreational physical activity, and the physical activity involved 

in commuting to and from work (e.g., walking and cycling). The reported times from 

the participants were generated into a total non-occupational physical activity value. 

Habitual alcohol consumption was measured over the year by addressing questions 

on beer, red wine, white wine, sherry and other fortified wine, liqueur and liquors 

at baseline. Frequency of alcohol consumptions was measured in pre-determined 
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ranges from ‘never’ to ‘6-7 times per week’. Information was requested through 

questions relating to the number of glasses consumed on a daily basis. Abstainers 

were considered as participants that indicated that they consumed ‘less than once 

per month’ or ‘never’. Mean daily alcohol consumption was calculated by using the 

computerised Dutch Food composition table (NEVO-table, 1986).

Ethical information 
Participants consented to be included in the cohort and follow-up by returning 

their completed questionnaires. The institutional review boards of the Netherlands 

Organization for Applied Scientific Research TNO (Zeist) and Maastricht University 

(Maastricht) approved the execution of the NLCS and the informed consent 

procedure. The study complies with the medical ethical standards of the 

Declaration of Helsinki. 

Statistical information
CUP cases were obtained from the full cohort. For the subcohort, the person time 

at risk was calculated from baseline (17 September 1986) until CUP diagnosis, death, 

emigration, loss to follow-up or end of follow-up (31 December 2006), whichever 

occurred first. General characteristics were presented for both subcohort members 

and CUP cases with frequencies and percentages for categorical variables and 

means including standard deviations for continuous variables.

T2DM was assessed based on status (yes/no), duration (0-10 years, and >10 years), 

age at diagnosis (<50 years, and ≥50 years) and use of medication (no medication, 

insulin and analogues treatment, or the use of blood glucose lowering drugs 

(excluding insulin). Predefined confounders included age at baseline (years; 

continuous); sex (male/female); alcohol consumption (ethanol intake in grams 

per day); cigarette smoking status (never/ever); cigarette smoking frequency 

(number of cigarettes smoked per day; centered); and cigarette smoking duration 

(number of years smoking; centered). Potential confounders included body mass 

index (BMI) at baseline (kg/m2); non-occupational physical activity (<30 min/day, 

30-60 min/day, 60-90 min/day and >90 min/day); socio-economic status (highest 

level of education); and history of cancer in a first degree relative (yes/no). For the 

final model, we have included the predefined confounders alone, as none of the 

potential confounders altered the HRs by >10%. 
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Wald tests and cross-product terms were used to evaluate potential multiplicative 

interaction with respect to 1) sex, 2) cigarette smoking status, 3) BMI at baseline, 

4) physical activity, and 5) alcohol consumption in relation to CUP risk. Age- and 

sex-adjusted, and multivariable-adjusted HRs with 95% confidence intervals were 

estimated using Cox proportional hazards models. Standard errors were calculated 

using the robust Huber-White sandwich estimator to account for additional 

variance introduced by sampling from the full cohort (Barlow, 1994). The proportional 

hazards assumption was tested using the scaled Schoenfeld residuals (Lin and Wei, 1989), 

and by visual inspection of log-minus-log survival curves. If the assumption had 

been violated, a time-varying covariate for that variable was added to the model 

where appropriate. Ordinal exposure variables were fitted as continuous variables 

in trend analyses. All analyses were conducted using Stata version 15. P-values were 

considered statistically significant if p <0.05.

A sensitivity analysis was performed by restricting the analysis to histologically 

verified CUP cases alone. For histologically verified CUP patients, it is more likely 

that they underwent extensive diagnostic investigation(s) to rule out the primary 

tumour origin. For patients who received cytological verification alone, other 

factors may have played a role in the decision to refrain from further diagnostic 

investigation such as age, comorbidities, performance status, localisation of 

metastasis, or the patient’s decision. 

Results
Analyses were conducted using 963 incident CUP cases and 4,288 subcohort 

members. General characteristics of subcohort members and CUP cases display 

that there were more men diagnosed with CUP 62.6% than were women (see Table 

1). T2DM status was slightly more prevalent in women than in men in both the CUP 

cases and the subcohort (5.0% and 3.8%, & 3.5% and 3.4%, respectively). 

We observed a multiplicative interaction between T2DM duration and sex (Pinteraction 

= 0.03), whereas no multiplicative interactions were observed between T2DM 

status and sex, cigarette smoking, BMI, physical activity, or alcohol consumption 

in relation to CUP risk (Pinteraction = 0.35, 0.37, 0.08, 0.53 and 0.34), respectively. We 

have, therefore, conducted sex-stratified analyses based on the finding of the 

multiplicative interaction between T2DM duration and sex (see Table 2 and Table 

3). Overall, there appears to be a slightly increased risk between T2DM and CUP (HR: 
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1.35, 95% CI: 0.92-1.99) compared to participants who did not have T2DM, although it 

was not statistically significant. After stratification for sex, the association increased 

in women (HR: 1.55, 95% CI: 0.90-2.64), whereas it attenuated in men (HR: 1.19, 95% CI: 

0.69-2.04). Furthermore, it appeared that participants who had T2DM for >10 years 

had a higher CUP risk (HR: 1.49, 95% CI: 0.82-2.70) compared to participants who did 

not have T2DM, but again this finding was not statistically significant. Participants 

who were aged <50 years at diagnosis of T2DM had an increased CUP risk that was 

statistically significant (HR: 2.42, 95% CI: 1.26-4.65, Ptrend =0.03), while no association 

was found for participants aged ≥50 years at diagnosis. The association appeared 

to be increased in women, whom were diagnosed with T2DM (<50 years), as they 

had a significant increased CUP risk (HR: 2.72, 95% CI: 1.13-6.55) compared to women 

without T2DM. While in men, a non-significant increased CUP risk (HR: 2.15, 95% 

CI: 0.85-5.42) was seen. Furthermore, we observed a non-significant association 

in participants with T2DM who did not use medication in relation to CUP risk (HR: 

1.42, 95% CI: 0.85-2.38) compared to not having T2DM. Participants who have T2DM 

and use blood glucose lowering drugs (excluding insulin) had a slightly increased 

CUP risk (HR: 1.24, 95% CI: 0.66-2.32), although not statistically significant, while we 

observed no association between participants who have T2DM and use insulin and 

analogues treatment compared to participants who did not have T2DM. It should 

be acknowledged that there were only few participants who had T2DM and that 

used blood glucose lowering drugs (excluding insulin) (n=14), as well as participants 

who had T2DM and used insulin and analogues treatment (n=3).

The sensitivity analysis results were confined to histologically verified CUP which 

comprised data on 693 CUP cases, the findings reflected those of the complete 

multivariable analysis (data not shown).
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Discussion
In this prospective study, we examined the association between T2DM and CUP 

risk. Overall, we observed a non-significant positive association between T2DM 

status and CUP. After stratification for sex, the association between T2DM status 

and CUP risk became stronger in women. Participants who had T2DM for >10 years 

appeared to have a higher CUP risk, although the association was not statistically 

significant. For participants who were aged <50 years at diagnosis of T2DM, a 

statistically significant positive association was found in relation to CUP. We 

observed a multiplicative interaction between T2DM duration and sex, whereas 

no interactions were found between T2DM status and sex, cigarette smoking, BMI, 

physical activity, or alcohol consumption in relation to CUP.

To the best of our knowledge, only two studies previously investigated the 

association between diabetes and CUP. One study, a Swedish study, investigated 

patients with T2DM (51,929 cases with insulin treatment, 126,515 cases without 

insulin treatment) who were identified from the national healthcare registers, 

and linked to the Swedish Cancer Registry. Its authors computed standardized 

incidence ratios (SIRs), and reported associations between T2DM with insulin 

treatment (SIR: 1.38, 95% CI: 1.12-1.67) and T2DM without insulin treatment (SIR: 1.78, 

95% CI: 1.58-2.00) in relation to CUP risk compared to participants with no diabetes 

(Hemminki et al., 2016). An Australian cohort study, compared 327 incident CUP cases to 

two sets of randomly selected controls (3:1). In this Australian study, diabetes was 

measured as a self-reported health condition. Its authors found a statistically 

significantly association between diabetes and CUP risk in both control groups; 

metastatic cancer known primary controls (odds ratio [OR]: 1.58, 95% CI: 1.11-2.26) 

and general cohort population controls (OR: 2.36, 95% CI: 1.54-3.62) compared to 

participants with no diabetes (Vajdic et al., 2019b). Although not statistically significant, 

we also observed a slightly increased CUP risk, and a stronger association with 

T2DM without medication use in the NLCS. Hence, our point estimates appear 

to be in agreement with the Swedish and Australian studies (Hemminki et al., 2016,Vajdic et 

al., 2019b). In general, patients with T2DM have an impaired immune system, which 

can result in improper immune response (Berbudi et al., 2020). Therefore, patients may 

have an increased vulnerability when it comes to cancer development overall. For 

CUP patients specifically, it may be proposed that the immune system was able 

to supress the primary tumour, while the metastasis escaped suppression due to 

improper immune response (Pavlidis and Pentheroudakis, 2012,Hemminki et al., 2016,Loffler and Kramer, 2016).   
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Within the NLCS, we explored the association between T2DM and CUP risk by 

multiplicative interactions as well as T2DM duration, and age at diagnosis of 

T2DM. We found a multiplicative interaction between T2DM duration and sex, 

consequently, we have additionally examined sex-stratified associations with 

respect to T2DM. Overall, we observed that participants who had T2DM for >10 

years had a higher non-significant CUP risk, compared to participants with no 

diabetes. This association became markedly stronger when restricting the analysis 

to women alone. Moreover, we found a statistically significant positive association 

for participants who were aged <50 years at diagnosis of T2DM in relation to 

CUP risk. The observed association became stronger and statistically significant 

in women alone. In an extensive review on diabetes and all-site cancer events, it 

was reported that women had a 6% higher excess-risk than men (Ohkuma et al., 2018). Its 

authors also gave possible explanations for differences in this excess-risk; being 

that women with diabetes may have a poorer glycaemic control compared to men 

with diabetes, and hyperinsulinemia may be longer in women than in men as the 

average duration of impaired glucose tolerance was reported to be >2 years longer 

in women compared to men, which may have played an important role in the 

prediabetic period (Bertram and Vos, 2010,Ohkuma et al., 2018). Based on these explanations, our 

findings with respect to the sex-differences between T2DM and CUP risk, seem 

to be comparable to those of overall T2DM and cancer risk. It should, however, be 

acknowledged that this might be a chance finding due to the utilisation of multiple 

comparisons in categories with fewer participants as a result of stratification.

The strengths of this study are its prospective cohort design, relatively large cohort 

size of 120,852 participants, higher number of 963 incident CUP cases, lengthy 

follow-up time of 20.3 years, and wide availability of confounder data. Additionally, 

record linkage with the NCR and PALGA for cancer follow-up was complete for at 

least 96%, and vital status follow-up was complete for almost 100% after 20.3 years, 

thereby minimizing selection bias (Goldbohm et al., 1994). Besides, the registry clerks from 

the NCR applied uniform coding rules which enabled the use of a consistent disease 

definition based on pathology and clinical reports (Van der Sanden et al., 1995). There are a few 

limitations of our study, namely, the number of exposed cases (participants with 

T2DM) is relatively low and those cases derived from the baseline measurement 

alone (no follow-up). Also, data on diabetes status was obtained from the self-

reported questionnaire by the participant, therefore, it is possible that we have 

missed a diabetes diagnosis during follow-up, or that a diagnosis was inaccurate 
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as a result from self-reporting. However, validation studies have indicated that self-

reported diabetes status can be used as an accurate proxy for studying diabetes 

status (Comino et al., 2013,Pastorino et al., 2015). It is also important to acknowledge that the 

prevalence, awareness, and knowledge about DM, as well as its management, has 

increased and improved over the past 20 years (Nazar et al., 2016). At the start of the NLCS 

in 1986, patients with diabetes may have had undiagnosed (pre)diabetes which 

may underestimate our findings. The NLCS dataset does not enable us to check 

which diagnostic methods were applied for diagnosing CUP, however, if we restrict 

our analysis to histologically verified CUP cases alone, the results do not differ 

substantially from those of the overall multivariable analyses. Hence, we conclude 

that the findings of our multivariable analyses are representative of CUP cases with 

or without an extensive diagnostic work-up.

In conclusion, there appears to be a non-significant positive association between 

T2DM and CUP risk in the NLCS. After stratification for sex, the association between 

T2DM status and CUP risk became stronger in women.
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Abstract
Background & Aims: The World Cancer Research Fund (WCRF) and American Institute 

for Cancer Research (AICR) updated their cancer prevention recommendations in 

2018. Adherence to these recommendations has been associated with lower cancer 

risk and mortality. However, adherence in relation to Cancer of Unknown Primary 

(CUP) risk has not been studied. This study investigates whether adherence to the 

WCRF/AICR recommendations is associated with CUP risk.

Methods: Data from the prospective Netherlands Cohort Study on diet and cancer 

was used to measure adherence to the recommendations in relation to CUP 

risk. The cohort includes 120,852 participants (aged 55-69 years), who completed 

a self-administered questionnaire on cancer risk factors at baseline. Adherence 

was investigated with respect to body fatness, physical activity, plant foods, meat 

consumption and alcohol. Incident CUP cases were identified through record 

linkage to the Netherlands Cancer Registry and Dutch Pathology Registry. A follow-

up of 20.3 years, resulted in 856 incident CUP cases and 3,911 subcohort members 

with complete information available for case-cohort analyses. Multivariable 

adjusted hazard ratios were estimated using proportional hazards models and 

were adjusted for age at baseline, sex, cigarette smoking (status, frequency, and 

duration) and total energy intake. 

Results: Highest adherence appeared to be associated with decreased CUP risk in 

the age-sex adjusted model (HR: 0.76, 95% CI: 0.62-0.92). After additional adjustment 

for cigarette smoking (status, frequency, and duration), the association attenuated 

and was no longer statistically significant. No multiplicative interactions were 

observed between sex nor smoking status and overall adherence in relation to CUP. 

Conclusion: Within this cohort, highest adherence to the WCRF/AICR 

recommendations is not statistically significantly associated with decreased CUP 

risk after multivariable adjustment.
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Introduction
Cancer of Unknown Primary (CUP) is a metastasized malignancy with no 

identifiable primary tumor origin during life [1, 2]. The global CUP incidence has 

decreased over the last 10-20 years, and currently reaches 1-2% of all cancers [3]. 

In 2018, approximately 1,300 incident cases were registered by the Netherlands 

Cancer Registry (NCR) in the Netherlands [2]. CUP is a complex disease with a bleak 

prognosis due to the presence of metastases and the difficulty in identifying its 

primary tumor origin. The median survival for CUP patients ranges between three 

to ten months dependent on its histology [4].

CUP aetiology studies, including previous investigations in the Netherlands Cohort 

Study on diet and cancer (NLCS), reported modifiable risk factors such as cigarette 

smoking [5-8] and alcohol consumption [6-8] to be associated with increased 

CUP risk. For processed meat consumption, a moderate increased CUP risk was 

observed [8, 9]. In contrast, no association has been found between red meat 

consumption and CUP risk [8, 9], body mass index (BMI) [7, 8, 10], physical activity 

[8, 10], or vegetable and fruit consumption [8, 11] in relation to CUP risk.

The World Cancer Research Fund (WCRF) and the American Institute for Cancer 

Research (AICR) updated (2018) their cancer prevention recommendations with 

respect to modifiable lifestyle factors such as diet, nutrition, and physical activity 

[12]. It has been shown that adhering to these recommendations is associated with 

a lower risk of general and site-specific cancer, as well as reduced total and cancer-

specific mortality [13-15]. 

Until now, only a few studies have investigated CUP aetiology, and to the best of 

our knowledge, no study examined whether adherence to the WCRF/AICR cancer 

prevention recommendations is associated with a decreased CUP risk. In general, 

the identification of modifiable lifestyle factors that are associated with a disease, 

may guide primary prevention in order to reduce its occurrence [16, 17]. Therefore, this 

study investigates whether adherence to the lifestyle recommendations regarding 

body fatness, physical activity, plant food consumption, meat consumption (red 

and processed meats), and alcohol is associated with CUP risk. In order to do so 

and to study the impact of the risk factors in detail, exposures were investigated as 

an overall adherence, as well as individual component adherence.
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Materials & Methods
Study design and population
Adherence to the WCRF/AICR lifestyle recommendations in association with CUP 

risk was studied using data from the NLCS. According to the Population Intervention 

Comparison Outcome Study design, the population consist of participants who 

were followed-up for cancer incidence within the Netherlands Cohort Study on diet 

and cancer from September 1986 until December 2006. The population includes 

120,852 participants aged 55-69 years at baseline in 1986, who originated from 204 

Dutch municipal population registries [18]. The intervention group includes highest 

adherence to the WCRF/AICR lifestyle recommendations on cancer prevention 

with respect to the following exposures: body fatness, physical activity, plant foods, 

meat and alcohol consumption, whereas the control group measures lowest 

adherence to the abovementioned lifestyle components. The study design to 

measure the exposure-outcome relation is a prospective cohort, for which efficient 

data processing and analysis were achieved by applying a case-cohort approach. 

Subsequently, incident cancer cases were derived from the full cohort, while the 

number of person-years at risk for the full cohort was estimated from a subcohort of 

5,000 participants who were randomly sampled from the full cohort at baseline [18]. 

Outcome measure
CUP is defined as a metastasized epithelial malignancy with no identifiable primary 

tumor origin after cytological and/or histological verification during a patient’s 

lifetime. This definition only includes epithelial malignancies according to the 

International Classification of Diseases for Oncology version 3: M-8000 - M-8570. For 

this reason, cases with an unknown primary tumor origin and a histology of sarcoma, 

lymphoma, mesothelioma and melanoma were excluded from the analyses.

Follow-up
Participants were followed up for 20.3 years (from 17 September 1986 until 31 

December 2006). Incident CUP cases were identified through annual record linkage 

with the Netherlands Cancer Registry (NCR) and the Dutch Pathology Registry 

(PALGA) [19]. Participants were removed from the analyses if there was 1) incomplete 

data on body fatness, physical activity, plant foods, meat consumption (red and 

processed meats), and alcohol, or if confounder data were missing; 2) inconsistent 
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dietary data concerning plant and meat consumption; 3) evidence that participants 

reported a history of cancer (except for skin cancer) at baseline. As a result, 856 CUP 

cases with a microscopical confirmation and epithelial histology remained, and a 

total of 3,911 subcohort members were available for analyses (see Figure 1).

Data collection 
Participants of the NLCS completed a mailed, self-administered questionnaire on 

dietary habits and other cancer risk factors at baseline in 1986. Details on foods 

and beverages were evaluated for their validity and reproducibility [20, 21]. Dietary 

intake was recorded over three periods of three consecutive days each, to represent 

consumption patterns of vegetables, fruits, and meats during three seasons in the 

Netherlands. To evaluate the validity of the questionnaire, three parameters: 1) ratio 

of FFQ to record nutrient intake, 2) correlation coefficient, and 3) the distribution 

of mean nutrient intakes were compared, and were deemed to be accurate for 

measuring intake of food groups and nutrients [20]. No validation studies were 

conducted for measuring BMI, physical activity or smoking behavior. The following 

WCRF/AICR lifestyle recommendations were measured to study adherence in 

relation to CUP risk: ‘be a healthy weight’, ‘be physically active’, ‘eat a diet rich in 

wholegrains, vegetables, fruit and beans’, ‘limit consumption of red and processed 

meat’, and ‘limit alcohol consumption’. In order to measure being a healthy weight, 

self-reported data on BMI at baseline and BMI at age 20 years was used in which 

weight at baseline and weight at age 20 years were divided by height at baseline 

squared (kg/m2). Change in BMI since age 20 years, representing weight gain, was 

calculated as BMI at baseline minus BMI at age 20 years [10]. Non-occupational 

physical activity was calculated based on questions regarding gardening, cycling 

and walking, and sports/physical exercise in minutes per day [10]. Plant-based 

foods were measured using data on dietary fiber intake in grams per day, and the 

amounts of vegetables and fruits consumed in grams per day [11]. The Spearman 

correlation coefficients for measuring the validity of total vegetable consumption 

and total fruit consumption were 0.38 and 0.60, respectively, compared to results 

of a 9-day diet record [20]. Questions regarding meat consumption specifically 

addressed red meat (unprocessed) and processed meat consumption [9]. Red 

meat includes: beef, pork, minced meat (beef and pork), liver, and other meat (e.g., 

horsemeat, lamb). Processed meat includes: ham, bacon, smoked beef or pork 

loin roll, and other sliced cold meats (e.g., sausages). The Spearman correlation 
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coefficients for the validity of red meat and processed meat as investigated by 

the questionnaire were 0.46 and 0.54, respectively, compared to the results of 

the 9-day diet record [20]. Data on alcohol consumption was obtained through 

questions on the consumption of beer, red wine, white wine, sherry, other fortified 

wines, liqueurs and liquor [6]. Mean daily alcohol consumption was calculated by 

using the computerized Dutch food composition table [22]. Based on pilot study 

data, standard glass sizes were defined as 200 ml for beer, 105 ml for wine, 80 ml 

for sherry, and 45 ml for both liqueurs and liquor, corresponding to 8, 10, 11, 7, and 

13 grams of ethanol, respectively. The Spearman correlation coefficient between 

alcohol consumption as assessed by the questionnaire and that estimated by the 

9-day diet record was 0.89 for all subjects and 0.85 for alcohol consumers [20]. The 

questionnaire also included questions on baseline smoking status (cigarette, cigar, 

or pipe), smoking frequency, and the ages at first exposure and last (if stopped) 

exposure to smoking [6]. Participants who indicated that they had never smoked 

were considered never smokers. To avoid collinearity problems, smoking frequency 

and duration were centered as proposed by Leffondré et al. [23].

WCRF/AICR sumscore 
Adherence to the WCRF/AICR cancer prevention recommendations was measured 

using methods similar to those applied in previous adherence studies [13, 14]. 

Five of the ten recommendations (be a healthy weight; be physically active; eat 

a diet rich in wholegrains, vegetables, fruits and beans; limit consumption of red 

and processed meat; and limit alcohol consumption) were used to calculate an 

overall adherence score (see Table 1). The remaining five recommendations (limit 

consumption of ‘fast foods’ and other processed foods high in fat, starches or sugars; 

limit consumption of sugar sweetened drinks; do not use supplements for cancer 

prevention; for mothers: breastfeed your baby if you can; after a cancer diagnosis: 

follow our recommendations if you can) were not included in the analysis either 

because they were not (optimally) measured at baseline in this cohort, or do not 

apply to the research question. 

For each of the five recommendations with available data, a maximum of 1 point 

could be obtained, therefore, the overall adherence score ranged from 0 to 5 

points. Overall adherence was measured using three cut-off categories which 

were distributed as evenly as possible on the basis of the subcohort: lowest 

adherence: 0-<2 points (reference group), medium adherence: 2-<3.5 points and 
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highest adherence: ≥3.5 points. For the recommendations be a healthy weight, be 

physically active, limit consumption of red and processed meat, and limit alcohol 

consumption; participants could receive a half point for partially complying 

with the recommendation, or a maximum of 1 point for fully complying with the 

recommendation. The recommendation ‘eat a diet rich in wholegrains, vegetables, 

fruits and beans’ included two sub-recommendations which involved: 1) fiber 

intake and 2) vegetable and fruit consumption; for each sub-recommendation, 0.25 

points could be received for partially complying with the sub-recommendation, or a 

maximum of 0.5 points for fully complying with the sub-recommendation. Using cut-

off values as proposed by the WCRF/AICR, most NLCS-participants clustered in the 

highest adherence levels for physical activity and plant food consumption, whereas 

the majority of participants clustered in the lowest adherence category for meat 

consumption. Therefore, to measure variation in adherence, we used 30-minute 

increment categories for physical activity; and tertiles as cut-off values for plant food 

and meat consumption, representing lowest, middle and highest adherence. 

Ethics 
The institutional review boards of the Netherlands Organization for Applied 

Scientific Research TNO (Zeist) and Maastricht University (Maastricht) approved 

the execution of the NLCS. Participants agreed to be included into the cohort and 

follow-up by returning the questionnaire they completed.
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Statistics
Person-years at risk were calculated from baseline (17 September 1986) until CUP 

diagnosis, death, emigration, loss to follow-up, or end of follow-up (31 December 

2006), whichever occurred first. General characteristics for subcohort members 

and CUP cases were presented as frequencies (percentages) for categorical 

variables and means including standard deviations for continuous variables.

Predefined confounders included age at baseline (years; continuous); and sex (male/

female), cigarette smoking status (never, ex, current); cigarette smoking frequency 

(centered; number of cigarettes smoked per day); cigarette smoking duration 

(centered; number of years smoking), and total energy intake (kcal/day; continuous). 

Potential confounders included socio-economic status (highest level of education); 

doctor’s diagnosis of diabetes (yes/no); and history of cancer in a first degree relative 

(yes/no). Variables were considered a confounder if they changed the HR by >10%. 

Accordingly, none of the potential confounders were added in the final model.

Age- and sex-adjusted, and multivariable-adjusted hazard ratios (HRs) with 95% 

confidence intervals (CIs) were estimated using the Cox proportional hazards models. 

Standard errors were calculated using the robust Huber-White sandwich estimator to 

account for additional variance introduced by sampling from the full cohort [24]. The 

proportional hazards assumption was tested using the scaled Schoenfeld residuals 

[25]. In case the assumption was violated, log-minus-log (LML) survival curves were 

inspected visually. If necessary, a time-varying covariate (TVC) for that variable was 

added to the model. Ordinal exposure variables were fitted as continuous variables 

in trend analyses. Wald tests and cross-product terms were applied to evaluate 

potential multiplicative interaction between sex or smoking status in relation to 

overall adherence and CUP risk. All analyses were conducted using Stata software 

(version 15). P values were considered statistically significant if p <0.05. 

An additional analysis was conducted in which we tested whether the exclusion of 

alternating individual components affected the overall adherence outcome. For this 

purpose, Z-scores were calculated per one-point increment to enable standardized 

comparisons between the models. In another analysis, weight gain was included 

to the model as part of the recommendation on body fatness. We did not include 

weight gain in the overall model, as the inclusion of this variable results in fewer 

CUP cases (n=714) and fewer subcohort members (n=3,345) because of additional 

missing values. For this analysis, participants with complete data on BMI at baseline 

and weight gain could respectively receive a maximum of 0.5 points for complying 
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with the recommendation. In a sensitivity analysis, we restricted the analysis only to 

histologically verified CUP cases as those cases were more likely to meet stringent 

CUP definitions, and/or were more likely to have undergone extensive diagnostic 

investigation(s) than cytologically verified cases; due to other factors that may have 

influenced the decision to refrain from further diagnostic investigation such as 

age, comorbidities, performance status, localization of metastasis, or the patient’s 

decision. Lastly, another sensitivity analysis was conducted which saw the first two-

years of follow-up excluded from the analysis so as to check for potential reverse 

causality bias as a result of preclinical cancer at baseline.

Results
Statistical analyses are based on 856 incident CUP cases and 3,911 subcohort 

members with complete data on body fatness, physical activity, plant foods, meat 

consumption, alcohol, and confounder variables.

On average CUP cases were aged 62 years at baseline, while subcohort members were 

aged 61 years at baseline (see Table 2). CUP cases were predominantly men (63.2%), 

whereas the sex-distribution was more equal in the subcohort members (50.4% men). 

The majority of CUP cases had a BMI between 18.5 kg/m2 and <25 kg/m2 at baseline 

(56.7%), which was slightly more than in the subcohort members (54.0%). Most CUP 

cases were physically active >60 minutes per day (49.0%), which was comparable in the 

subcohort members (49.1%). We observed that male CUP cases consumed a slightly 

lower amount of fiber compared to male subcohort members (27.7 g/day versus 28.5 

g/day); that observation held for female CUP cases in comparison to female subcohort 

members (24.9 g/day versus 25.2 g/day). Male CUP cases also consumed slightly lower 

amounts of vegetables and fruits compared to male subcohort members (330.2 g/

day versus 341.6 g/day), whereas female CUP cases and female subcohort members 

consumed equal amounts (386.1 g/day versus 386.6 g/day). Both male and female 

CUP cases ate more red and processed meats in comparison to male and female 

subcohort members (111.6 g/day and 95.9 g/day versus 109.7 g/day and 91.3 g/day, 

respectively. Most CUP cases consumed >10 g of ethanol per day (44.6%), whereas 

most subcohort members consumed 0-≤10 g of ethanol per day (41.5%).

The mean WCRF/AICR adherence score was 2.71 (sd: 0.87), ranging from 0.50 to 4.75 

in the CUP cases, whereas it was 2.82 (sd: 0.89), ranging from 0.75 to 4.75 points in the 

subcohort. Using the Cox proportional hazards models, no multiplicative interaction 

was found between sex and overall adherence in relation to CUP risk (Pinteraction = 0.25), 



Adherence to the World Cancer Research Fund and the American Institute for Cancer Research 
lifestyle recommendations for cancer prevention and Cancer of Unknown Primary risk

8

165   

nor between smoking status and overall adherence in relation to CUP risk (Pinteraction 

= 0.74). Consequently, no sex- or smoking status-stratified results will be presented. 

Adherence to the WCRF/AICR lifestyle recommendations was measured as an 

overall adherence as well as individual component adherence (see Table 3 and 4). In 

the overall adherence model, highest adherence to the lifestyle recommendations 

appeared to be associated with a statistically significant decreased CUP risk compared 

to lowest adherence in the age-sex adjusted analysis (age-sex adjusted HR: 0.76, 95% 

CI: 0.62-0.92). However, after additionally adjusting for cigarette smoking (status, 

frequency, and duration) and total energy intake, the association attenuated and 

was no longer statistically significant (multivariable adjusted HR: 0.87, 95% CI: 0.70-

1.08). Adherence with respect to individual components concerning body fatness, 

physical activity, and intake of plants foods did not appear to be associated with CUP 

risk. CUP cases with the highest adherence to the recommendations for meat (red 

and processed meats) and alcohol consumption appeared to have the lowest CUP 

risk (multivariable adjusted HR: 0.80, 95% CI: 0.65-0.98, Ptrend = 0.03 & multivariable 

adjusted HR: 0.74, 95% CI: 0.59-0.93, Ptrend = 0.01, respectively). 

In an additional analysis, we compared the overall adherence outcome per model 

after excluding alternating individual components. The HRs of the models were 

compared per one-point increment based on Z-scores. We observed that after 

comparing these HRs, the decreased CUP risk became stronger after excluding 

BMI from the overall sumscore (multivariable adjusted HR: 0.89, 95% CI: 0.83-

0.97), whereas the association did not change after excluding physical activity, 

but attenuated after excluding plant foods-, meat-, and alcohol consumption, 

respectively (see Figure 2). In another analysis, weight gain was included to the 

model as part of the recommendation on body fatness. Although this enabled us 

to study body fatness in greater detail, the inclusion resulted in fewer CUP cases 

(n=714) and fewer subcohort members (n=3,345) available. By applying this smaller 

number of CUP cases and subcohort members, we observed that CUP risk was 

again decreased in the highest adherence category (multivariable adjusted HR: 

0.73, 95% CI: 0.53-1.01) compared to the lowest adherence category (data not shown). 

After including the weight gain variable into the model, we again detected similar 

findings to those in the smaller case mix and subcohort. The results of the sensitivity 

analysis when restricted to histologically verified CUP cases alone do not differ 

substantially from the results of the overall analysis (data not shown). Findings of 

another sensitivity analysis, in which the first two years of follow-up were excluded, 

also revealed comparable results to those of the overall analysis (data not shown).
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Figure 2 Overall WCRF/AICR adherence scores (per one-point increment based on Z-scores) 
applied in the Netherlands Cohort Study – individual component exclusion

Notes 

-Scoring system is based on the 2018 WCRF/AICR lifestyle recommendations on cancer 
prevention, scores are based on the National Cancer Institute operationalization and the 
distribution of subcohort members in the NLCS-cohort. 

-Age and sex-adjusted analyses were adjusted for age at baseline (years), and sex. 

-Multivariable adjusted analyses were adjusted for age at baseline (years), sex, cigarette 
smoking status (never/ever; centered), cigarette smoking frequency (continuous; centered), 
cigarette smoking duration (continuous; centered), and total energy intake (kcal/day). 

-BMI = body mass index, PA = physical activity, plant foods = fiber intake & vegetable and fruit 
consumption, meat = red and processed meat consumption, alcohol = alcohol consumption.
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Discussion
This large prospective cohort study, to our knowledge, is the first study to have 

investigated adherence to the WCRF/AICR lifestyle recommendations regarding 

body fatness, physical activity, plant foods, meat consumption, and alcohol in 

relation to CUP risk. The overall adherence model indicates that adherence was 

no longer statistically significant after additional adjustment for cigarette smoking 

(status, frequency, and duration) and total energy intake. No multiplicative 

interactions were observed between sex nor smoking status and overall adherence 

in relation to CUP. Meat (red and processed meats) and alcohol consumption 

appear to be the drivers for the overall adherence effect, as highest adherence for 

these exposures was significantly associated with decreased CUP risk. Adherence 

to the recommendations with respect to body fatness, physical activity or intake of 

plant foods was not associated with CUP risk. 

To study the general clustering of health-related behavior, overall adherence 

was investigated in which highest adherence to the lifestyle recommendations 

appeared to be associated with a significantly decreased CUP risk compared to the 

lowest adherence category in the age-sex adjusted analysis (HR: 0.76, 95% CI: 0.62-

0.92). Yet, the association attenuated and was no longer statistically significant after 

additionally adjusting for cigarette smoking (status, frequency, and duration) and 

total energy intake. To check whether the attenuation derived from the influence 

by smoking behavior and/or total energy intake, we compared estimates after 

individually correcting for these variables. After correcting for total energy intake 

alone, the decreased CUP risk persisted and remained statistically significant. 

After correcting for smoking behavior alone, the association attenuated and was 

no longer statistically significant. Thus, smoking appears to influence the overall 

adherence association within this cohort. In addition, we have seen that men and 

women who were never smokers had higher mean WCRF/AICR adherence scores 

compared to ex- and current smokers which implies that never smokers generally 

have a healthier lifestyle in the NLCS. 

The European Prospective Investigation into Cancer and Nutrition (EPIC) study assessed 

adherence to the WCRF/AICR lifestyle recommendations in relation to total and 

subsequent cancer risk. Its authors concluded that individuals in European populations 

who complied were less likely to develop various types of cancers than individuals who 

did not comply [13]. For total cancer, they reported that adherence was associated with 
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a statistically significant reduced risk (multivariable adjusted HR: 0.95, 95% CI: 0.93-0.97) 

which was also adjusted for smoking frequency and duration, as well as total energy 

intake. Other studies have also demonstrated that adopting a healthy pattern of diet 

(including foods and beverages with a relatively high concentration of vitamins and 

minerals), nutritional health (without excessive fats, added sugars or refined starches) 

and physical activity is beneficial for increasing longevity as well as protecting against 

both cancers overall and other noncommunicable diseases [13, 14, 26]. 

With respect to the individual components, epidemiological studies have investigated 

CUP etiology with respect to body fatness, physical activity, plant foods, meat 

consumption and alcohol. These studies include the EPIC cohort (651 CUP cases) [7], 

an Australian prospective cohort (327 CUP cases compared to two sets of controls) [8], 

a Swedish case-control study (447 CUP cases) [5], and our NLCS (867-963 CUP cases 

dependent on the availability of exposure data and number of missing values) [6, 9-11]. 

In the current study, we observed that highest adherence to the recommendations 

with respect to meat (red and processed meats) and alcohol consumption is 

significantly associated with decreased CUP risk, which is in agreement with 

the studies that found meat and alcohol consumption to increase CUP risk [7, 8]. 

Inversely, we noted that adherence was not associated with body fatness, physical 

activity or intake of plant foods and CUP risk. These results are also in line with the 

findings of the previous studies that found no association between BMI [7, 8], physical 

activity [8], or vegetable and fruit consumption [8] in relation to CUP. After excluding 

alternating individual components to compare the overall adherence outcome per 

model (HRs of the models per one-point increment based on Z-scores), we found 

that the decreased CUP risk became stronger after excluding BMI, while the risk 

remained the same after excluding physical activity, but the association attenuated 

for plant foods-, meat- and alcohol consumption. These abovementioned findings 

suggest that meat and alcohol consumption play an important role in the overall 

adherence effect within our cohort as highest adherence to the recommendations 

for both components is significantly associated with decreased CUP risk. It is unlikely 

that BMI, physical activity, or plant foods consumption affected the overall adherence 

outcome, as no substantial effects were observed from these components. 

The strengths of the NLCS are its prospective cohort design that includes an extensive 

cohort of 120,852 participants who were followed-up for 20.3 years. In this study, we 

were able to investigate 856 incident CUP cases, which is a higher number than other 

studies were able to investigate with respect to CUP etiology. The comprehensive 
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questionnaire of the NLCS allowed us to study the most important lifestyle factors 

for reducing cancer risk as on overall adherence, as well as individual component 

adherence. In addition, there was a wide availability of confounder data, which showed 

to be of great importance in our multivariable adjusted analysis, as smoking behavior 

appeared to attenuate the statistically significant decreased CUP risk that was observed 

in the age-sex adjusted analysis. Completeness of record linkage with the NCR and 

PALGA was at least 96% for cancer follow-up, and vital status follow-up was complete 

for almost 100% after 20.3 years, thereby minimizing selection bias [27]. Information on 

incident CUP cases was obtained from the NCR, which included specific details from 

both pathology and clinical reports [28]. Registry clerks from the NCR applied uniform 

coding rules when entering data based on medical files. Therefore, we were able to 

analyze incident CUP cases with a consistent disease definition. Certain limitations 

need to be acknowledged. For example, five of the WCRF/AICR recommendations 

could not be included in our sumscore. Two of the recommendations are not included 

as: 1) breastfeeding, was not measured within the NLCS, and 2) after a cancer diagnosis, 

does not apply to the research question. The remaining three recommendations: 3) 

limiting the consumption of fast foods and other processed foods high in fat, starches 

or sugar, 4) limit the consumption of sugar sweetened drinks, were not adequately 

measured within the NLCS, these dietary habits were not common in the cohort, and 5) 

do not use supplements for cancer prevention, only included a low percentage of users, 

and reasoning for utilisation was unclear. The updated supplement recommendation 

states to not use supplements for cancer prevention, unfortunately we do not have 

data available to check as to why the supplements were used and therefore whether 

the reasoning was cancer prevention or lifestyle in general. Notwithstanding, the 

five recommendations with available data were extensively measured in our cohort 

which made it possible to study various lifestyle components at both an overall 

adherence level as well as an individual component adherence level, something 

which previous epidemiological studies had not conducted for CUP. The WCRF/AICR’s 

2018 Continuous Update Project has summarized that the most important factors for 

reducing cancer risk are to avoid smoking, to maintain a healthy weight throughout life 

by consuming a healthy diet, and being physically active. Since we were able to study 

these most important factors, we believe that our estimation is an adequate reflection 

of measuring adherence to the lifestyle recommendations in relation to CUP risk. In 

addition, we observed that for physical activity and plant food consumption, most 

participants within our cohort complied with highest adherence levels, whereas the 

majority of participants consumed more meats than recommended. Consequently, 
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variation in the cohort would have been reduced. Therefore, to measure the variation 

in adherence optimally, we used 30-minute increment categories for physical activity; 

and tertiles as cut-off values for plant and food consumption, representing lowest, 

middle and highest adherence to a healthy behavior. Furthermore, unfortunately, no 

validation studies were conducted for measuring BMI, physical activity or smoking 

behavior. For anthropometric measures, recall bias may have occurred as weight and 

height were asked at baseline in 1986. However, other studies have concluded that 

self-reported recall of anthropometric measures in early life is highly correlated with 

prospectively collected data [29]. With respect to physical activity, this study examined 

self-reported non-occupational physical activity as an indicator for exercise behavior. 

This self-reported measurement may have attenuated the association [30]. Smoking 

behavior was measured through various components such as smoking status 

(cigarette, cigar, or pipe), smoking frequency, and the ages at first exposure and last 

(if stopped) exposure to smoking. A review on the validity of self-reported smoking 

has concluded that it is not expected that there are major differences in self-reported 

smoking behavior due to the form of biochemical validation [31].

Researchers from the National Cancer Institute, WCRF, AICR, and the WCRF/

AICR Continuous Update Project Expert Panel, together with other international 

researchers have agreed on a standardized scoring system in which each 

recommendation is weighted equally. However, there is no agreement on 

whether weighting should be equal within components, as this could result 

in underestimating their joint effect [15]. In addition, there are more dietary 

components than non-dietary components in the WCRF/AICR recommendations, 

which naturally gives greater weight to those dietary components. 

Conclusion
In conclusion, highest adherence to the WCRF/AICR lifestyle recommendations was 

statistically significantly associated with decreased CUP risk in the age-sex adjusted 

analysis, while the association attenuated and was no longer significant after 

additionally adjusting for smoking behavior and total energy intake. Our additional 

analysis revealed that the attenuation derived from the correction for smoking behavior 

alone. Participants with highest adherence to the recommendations for meat (red and 

processed meats) and alcohol consumption were found to have statistically significantly 

decreased CUP risk. Adherence to the recommendations with respect to body fatness, 

physical activity or intake of plant foods was not associated with CUP risk. 
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Abstract
Background: Cancer of Unknown Primary (CUP) is metastatic cancer with an 

unidentifiable primary tumour origin during life. Hitherto, it is unclear which risk 

factors are associated with CUP, yet identifying these factors could reveal whether 

CUP is a specific entity or a cluster of metastasised cancers from various primary 

tumour origins.

Objective: To review CUP risk factors.

Data sources: Epidemiological studies on possible CUP risk factors were 

systematically searched in PubMed on February 1st, 2022.

Study selection: Studies, published before 2022, were included if they were 

observational human-based, provided relative risk estimates, and investigated 

possible CUP risk factors.

Data extraction: Relative risk estimates with p-values or 95% confidence intervals 

were extracted.

Results: A total of 4 case-control and 14 cohort studies were included. There 

appears to be an increased risk for smoking in relation to CUP. However, limited 

suggestive evidence was found to link alcohol consumption, diabetes mellitus, 

and family history of cancer as increased risks for CUP. No conclusive associations 

could be made for anthropometry, food intake (animal or plant-based), immunity 

disorders, lifestyle (overall), physical activity, or socioeconomic status and CUP risk. 

No other CUP risk factors have been studied.

Conclusions and implications: This review highlights smoking, alcohol 

consumption, diabetes mellitus and family history of cancer as CUP risk factors. 

Yet, there remains insufficient epidemiological evidence to conclude that CUP has 

its own specific risk factor profile. 
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Background
Cancer of unknown primary (CUP) is an aggressive unpredictable metastatic 

cancer with an unidentifiable primary tumour origin during life [1-4]. The disease 

predominantly occurs in older individuals with a median age of 60 years [5]. The NICE 

guideline categorised CUP into 1) malignancy of undefined primary origin (MUO), 

2) provisional CUP: metastatic epithelial or neuroendocrine malignancy identified 

based on microscopical verification, and 3) confirmed CUP: metastatic epithelial 

or neuroendocrine malignancy identified based on final histology, with no primary 

site detected despite a selected initial screen of investigations, specialist review, 

and specialised investigations as appropriate [6, 7]. These categories are useful in 

clinical settings, but population-based research datasets contain a mixture of CUP 

cases that do not clearly distinguish provisional from confirmed cases. With this 

mixture [1, 7, 8], variability in disease registrations and diagnostic workup between 

countries [8-10], it remains hard to compare CUP occurrence globally and identify 

time trends.

Cancer risk factors and prevention
The International Agency for Research on Cancer (IARC) Monographs have 

identified various environmental factors that are carcinogenic hazards to humans, 

which it continually reviews and updates. These include chemicals, occupational 

exposures, physical agents, biological agents, and lifestyle factors [11]. Identifying 

risk factors can guide primary prevention to reduce diseases [12, 13] and for CUP 

specifically, this is especially important given the bleak prognosis. 

Rationale
To the best of our knowledge, one review examined pointers of disease 

mechanisms associated with CUP [14], yet, in recent years, the epidemiological 

evidence regarding those pointers has expanded, which is why we provide here a 

comprehensive review of current CUP risk factors. We have examined risk factors 

in association with CUP, considering that a risk factor profile for CUP may imply 

whether CUP is a specific entity or a cluster of metastasised cancers from various 

primary tumour origins.
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Material and methods
The literature search on CUP risk factors (2011-2022) was performed in PubMed 

on February 1st, 2022 by using the following keywords (MeSH) and free text terms 

for the exposure groups: alcohol consumption; anthropometry (body mass index, 

waist circumference, body constitution and waist-hip ratio); diabetes mellitus (DM); 

drinks (coffee, caffeine, tea); family history of cancer (FHC) (medical history taking, 

genetic predisposition to disease); foods (vegetables, fruits, meats, fish products, 

dairy products, milk, soy milk, eggs, soy foods, soybeans, bread, whole grains, 

cereal, nuts and seeds); physical activity (exercise, sedentary behaviour); smoking 

(smoking and tobacco smoke pollution); socioeconomic status (SES) (social 

conditions, income, poverty, socioeconomic factors, employment, unemployment, 

work, occupations, education, educational status, health, health insurance, health 

education, health promotion, health behaviour); racial groups and ethnicity; 

radiation exposure and environmental pollutants (carcinogens); hormonal factors 

(estrogens, progesterone, testosterone and oral hormonal contraceptives); and 

reproductive factors (maternal age, menarche, menopause, post-menopausal 

hormone replacement therapy, parity), in relation to the outcome: neoplasms of 

unknown primary, also referred to as cancer of unknown primary.  

Studies were included if they were observational (e.g., cohort and case-control) 

human-based, provided risk estimates with p-values or 95% confidence intervals, 

and/or if they had data on at least one of the abovementioned exposure groups. 

No language restrictions were used. The reference lists of the included articles 

were checked for potentially relevant studies. Data were extracted for general 

characteristics and exposure estimates. Due to variability between the studies 

concerning the study design, different exposures (including differences in exposure 

measurement), and differences in confounder adjustment, it was not possible to 

conduct a pooled meta-analysis. Therefore, the existing epidemiological evidence 

was compared and described as a comprehensive discussion on CUP risk factors. 

All studies were evaluated against the World Cancer Research Fund’s (WCRF) 

criteria as epidemiological evidence for cancer prevention, which ranges from 

convincing to limited-no conclusion. Its criteria are derived from the Bradford 

Hill criteria which consider the strength of association, temporality, consistency, 

biological plausibility, dose-response relationship, and experimental evidence [15]. 

One researcher (K.H.) screened abstracts and eligible full texts, and uncertainties 

were discussed with a second researcher (L.S.). The reference lists of included 

articles were checked for additional studies. 
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Results
The PubMed search yielded 878 articles, 18 articles of which were deemed 

eligible for inclusion (Figure 1). Overall, seven research teams had examined CUP 

risk factors in European, American, and Australian populations, representing 4 

case-control and 14 cohort studies (Table 1A and 1B). Record linkage methods for 

exposure and follow-up measurements were applied through country-specific 

cancer, pathology, and healthcare registers. The search revealed studies on alcohol 

consumption, anthropometry, DM, FHC, food intake (animal and plant-based), 

immunity disorders, lifestyle (overall), physical activity, smoking, and SES in relation 

to CUP risk. (Supplementary Tables A-K). No studies had examined the association 

between drinks, racial groups and ethnicity, radiation exposure and environmental 

pollutants, hormonal factors, or reproductive factors, and CUP risk.
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Figure 1. Flowchart of included and excluded studies

Figure 1 Flowchart of included and excluded studies on whom the review on Cancer of 

Unknown Primary risk factors is based
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Evaluation of results
Based on the grading criteria in relation to CUP risk, convincing – strong evidence 

was found for smoking, whereas limited to suggestive evidence was seen for 

alcohol consumption, DM, and FHC, and limited - no conclusive evidence for 

anthropometry, food intake (animal or plant-based), immunity disorders, lifestyle 

(overall), physical activity, or SES (Table 2).

Smoking
Four studies explored the association between smoking and CUP risk (Figure 2 

& Supplementary Table A). All studies reported statistically significantly increased 

associations for smoking status in relation to CUP [9, 16-18]. Kaaks et al. & Vajdic et 

al. also observed an even higher CUP risk among participants who smoked the 

highest number of cigarettes per day (26+ and 20+, respectively) compared to never 

smokers. Similarly, Hermans et al. observed a statistically significant association for 

smoking frequency which became higher with an increasing number of cigarettes 

smoked compared to never smokers. They also found smoking duration ≥40 years 

(multivariable adjusted HR: 1.45, 95% CI: 1.09-1.94, Ptrend = 0.02), and smoking 

cessation (current smokers) associated with increased CUP risk (multivariable 

adjusted HR: 1.67, 95% CI: 1.37-2.03, Ptrend <0.001) compared to never smokers [17]. 

Although the strength of the associations varies between these studies, they all 

point to a positive association between smoking and CUP risk, particularly in the 

highest exposure categories.

Alcohol consumption
Alcohol consumption related to CUP risk was investigated in three studies (Figure 

3 & Supplementary Table B). Kaaks et al. & Hermans et al. reported increased risks 

for participants in the highest exposure categories of alcohol consumption >60g 

and ≥30g in relation to CUP compared to 0-12g and abstainers, respectively [9, 17], 

whereas Vajdic et al. observed no associations between alcohol consumption and 

CUP risk compared to non-consumers [18]. Despite the different consumption 

categories and confounder adjustments there is a suggestive relationship between 

alcohol consumption and CUP risk.  
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Diabetes mellitus
The association between diabetes mellitus and CUP risk was investigated in three 

studies (Figure 4 & Supplementary Table C). Hemminki et al., found that participants 

with Type 1 (T1DM) and Type 2 DM (T2DM) (with or without insulin treatment) had 

a statistically significantly increased CUP risk compared to participants without 

DM [19]. Similarly, Vajdic et al. also found a statistically significant relationship 

between DM and increased CUP risk compared to participants without DM [20]. 

Lastly, Hermans et al. observed a non-significant association between T2DM and 

increased CUP risk compared to participants with no DM [21]. Overall, there appears 

to be a suggestive association between DM and increased CUP risk. Though its 

strength might be affected due to inability of confounder adjustment.

Family history of cancer
Five studies reported on the association between family history of cancer and 

CUP risk (Figure 5 & Supplementary Table D). Hemminki et al. found statistically 

significantly increased CUP risks in siblings alone, while no associations were 

found between FHC and CUP risk in parents alone [22, 23]. In a follow-up study, 

Hemminki et al. reported a statistically significantly increased CUP risk in first 

degree relatives [22]. Similarly, Samadder et al. reported a statistically significant 

association between family history of cancer and CUP risk in first-degree relatives, 

but, no associations in second-degree relatives or first cousins [24]. Vajdic et al. 

reported no association between FHC and CUP risk [20]. Grewcock et al. observed 

a non-significant increased CUP risk for FHC in siblings only. No associations were 

found between FHC in parents only in relation to CUP risk [25]. Therefore, there 

seems to be a suggestive association between FHC and CUP risk. Both Hemminki 

et al. and Grewcock et al. suggest an association between FHC in siblings only 

concerning CUP risk, but confounder adjustment was not conducted in the study 

by Hemminki et al. It is possible that the findings observed for siblings result from 

a shared environment, which is less likely between the parents and the index-case.

Anthropometry
Four studies investigated the association between anthropometry and CUP risk 

(Supplementary Table E). Hemminki et al. compared CUP patients with a BMI ≥20 

to CUP patients with a BMI <20 (case-control), and found a decreased CUP risk, 
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albeit not statistically significant [16]. Kaaks et al. found no associations between 

BMI and CUP risk, but when comparing the highest quartile to the lowest, they 

did observe that participants with an increasing waist circumference were at an 

increased CUP risk (multivariable adjusted HR: 1.29, 95% CI: 1.02-1.65, Ptrend = 0.01), 

which suggests a potential link with abdominal fat [9]. Vajdic et al. noted that 

obese participants had a non-significant increased CUP risk compared to normal 

weight participants (age-sex adjusted OR: 1.37, 95% CI: 0.87-2.13) [18]. Hermans et al. 

explored the association by investigating height (sex-stratified), BMI at baseline, 

BMI at age 20 years, change in BMI since age 20 years, and clothing size as a proxy 

for waist circumference (trouser size for men, skirt size for women), but even after 

multivariable adjustments found no associations between these variables in 

relation to CUP risk [26]. 

Foods (animal-based)
Vajdic et al. and Hermans et al. investigated consuming animal foods and CUP 

risk (Supplementary Table F). Neither study found any association in respect to red 

meat consumption. However, Vajdic et al. found an inverse association between 

processed meat consumption and CUP risk (age-sex adjusted OR: 1.28, 95% CI: 0.82-

1.99) compared to consumers <3 meat per week [18], while Hermans et al. found 

a statistically significantly increased CUP risk  for participants with the highest 

consumption (Q4) of processed meats compared to the lowest consumption (Q1) 

categories (multivariable adjusted HR: 1.40, 95% CI: 1.12-1.75, Ptrend = 0.006) [27]. 

Foods (plant-based)
Two studies investigated plant foods consumption in relation to CUP risk. Vajdic et 

al. reported that participants with an intake of ≥5 vegetables per day, or an intake 

of ≥2 fruits per day, had a non-significant decreased CUP risk (age-sex adjusted 

OR: 0.79, 95% CI: 0.57-1.10 & OR: 0.73, 95% CI: 0.53-1.00, respectively) compared to 

consuming <5 vegetables per day, and <2 fruits per day [18]. Hermans et al. studied 

vegetable and fruit consumption as a group, and as individual components for 

vegetables, legumes, and fruits, but found no associations between any (Q4) of 

the plant food exposures in relation to CUP risk compared to the lowest intake (Q1) 

categories (multivariable adjusted HR: 0.97, 95% CI: 0.78-1.20, Ptrend = 0.63) [28] 

(Supplementary Table G).
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Physical activity
Two studies have reported on the relationship between physical activity and 

CUP risk (Supplementary Table H). Vajdic et al. found that participants who were 

physically active for >150 minutes per week (total and moderate-vigorous physical 

activity) had a statistically significant decreased CUP risk (age-sex adjusted OR: 

0.63, 95% CI: 0.44-0.88) compared to participants who were physically active for 

<150 minutes per week. They also found that physically active participants, >2 times 

per week, had an even lower CUP risk (age-sex adjusted OR: 0.48, 95% CI: 0.26-

0.89) compared to <1 times per week [18]. Hermans et al. studied non-occupational 

physical activity in relation to CUP risk but found no association after multivariable 

adjustment when comparing participants who were physically active for >90 

minutes per day to ≤30 minutes per day [26]. 

Socioeconomic status
Urban et al. found neither educational level nor poverty to be associated with CUP 

risk [29] (Supplementary Table I). Vajdic et al. explored components of SES in relation 

to CUP risk and found participants without school certificate/qualification to be 

more at risk (multivariable adjusted OR: 1.69, 95% CI: 1.08-2.64) than participants 

with any school certificate/ qualification. Additionally, disabled/sick participants, 

or unemployed, had increased CUP risks. Those who held private health insurance 

had a decreased CUP risk. In terms of income, participants with a lower income, or 

who did not report their income, had increased CUP risks [18]. In contrast, Pavlidis 

et al. reported that participants with a high SES had an increased association for 

CUP risk (RR: 1.90, 95% CI: 1.50-2.60) compared to those with a low SES [30]. Vajdic 

et al. suggest that a poor SES measured by education, employment, and access to 

health services, is associated with increased CUP risk, although these findings may 

differ between populations. Its authors did not report on adjustments for smoking 

behaviour or alcohol consumption, while both exposures are linked to SES and may 

thus play an influential role in the association with CUP. In contrast, Pavlidis et al. in 

their adjusted analysis, found that participants with a higher SES had a higher CUP 

risk, while in their unadjusted analysis they found a protective risk. Unfortunately, 

they did not clarify which variables they had adjusted for in the analysis, so it is 

impossible to rule out potential correlation between variables. 
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Immunity disorders
One case-control study, by Hemminki et al. investigated whether dysfunctions 

of the immune system in autoimmune diseases are linked to increased CUP 

risk (Supplementary Table J). It found an overall increased CUP risk for patients 

diagnosed with autoimmune diseases  (SIR: 1.27, 95% CI: 1.22-1.32) [31]. However, 

the researchers could not control for smoking, which may have influenced the 

association. 

Lifestyle (overall)
Hermans et al. examined whether adhering to lifestyle recommendations, as 

issued by the WCRF and American Institute for Cancer Research in 2018 for cancer 

prevention helps in decreasing CUP risk. Lifestyle was defined as including a 

healthy weight, physical activity, and the consumption of plant and animal foods, 

and alcohol. The highest adherence to lifestyle recommendations was significantly 

associated with a decreased CUP risk in the age-sex adjusted analysis compared 

to lowest adherence. However, after adjusting for smoking as well the association 

attenuated (multivariable adjusted HR: 0.87, 95% CI: 0.70-1.08) [32] (Supplementary 

Table K). 
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Discussion
Based on epidemiological evidence from 4 case-control and 14 cohort studies 

reviewed here, there is an association between smoking and CUP risk, but evidence 

for alcohol consumption, DM, and FHC is limited suggestive. The evidence does not 

allow conclusive associations to be made for anthropometry, food intake (animal 

or plant-based), immunity disorders, lifestyle (overall), physical activity, or SES. 

Explanation of findings
Autopsy results from CUP patients indicate that primary tumours tend to 

originate in the lung(s) (5-35%) or pancreas (15-20%), and less often the liver and 

bile ducts (10-15%), or colon/rectum (3-8%)[33]. These higher occurrences for the 

lung and pancreas may be reflective of the associations observed with smoking 

and alcohol consumption. After all, it is known that smoking is strongly associated 

with lung cancer through deregulated cells, cytokines, and growth factors, which 

may elevate epithelial apoptosis resistance and ultimately result in mutations [14, 

34]. Higher levels of alcohol consumption may be linked to primary tumours of the 

mouth, pharynx, larynx, oesophagus, liver, pancreas, breast and colorectum [9, 35], 

the mechanisms underlying cancer development include DNA, protein, and lipid 

alterations, or damage by acetaldehyde, as well as the carcinogenic metabolite of 

ethanol, oxidative stress, and alterations to hormonal regulations [36].

For DM, other mechanisms may play a role as patients with T2DM generally have 

an impaired immune system [37]. Studies have reported that T2DM is related to 

various types of cancer [38], which may influence the ability of the immune system to 

suppress a primary tumour, but that the metastasis escaped immune suppression 

[1, 19, 39]. Similarly, when studying FHC, the role of genetic or environmental risk 

factors may also be indicative of a specific cancer type. Participants were found 

to have an increased CUP risk if they had a FHC including kidney, colorectal, lung, 

pancreatic, myeloma and non-Hodgkin lymphoma [22-24]. These cancer types 

may be reflective of the primary tumour origin in the CUP patients. 

It remains unclear as to whether CUP is a specific entity, or whether there are 

specific mechanisms that explain its pattern of metastasis. One of the mechanisms 

that could explain the absence of indicating a primary tumour origin is, as briefly 

indicated above, that the immune system was able to remove the primary tumour 
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after metastasis as the primary tumour is recognized, but unable to distinguish 

features of the metastasis and therefore discard the metastasis in some CUP cases 

[14, 40]. Studies on CUP immune profiling have shown similar immune profiles 

compared to immune therapy responsive malignancies [41-43]. Some differences 

in immune responses to foreign and self-antigens are present throughout life, while 

others depend on gene expressions and hormone status. These differences may 

be influenced by gender, early environmental exposures, race, and, for example, 

systemic inflammatory autoimmune diseases [44-46]. In addition, the genes 

involved in the immune system are under constant evolutionary pressure due to 

pathogens, environmental conditions, and the relocation of populations [44, 45, 47]. 

The findings here indicate associations with smoking, alcohol consumption, DM, 

and FHC in relation to CUP risk, and these risk factors are all known to negatively 

affect the immune system’s ability to intercept malignant cell development [1, 

19, 22, 23, 39, 48, 49]. Similar findings have been found in a study that evaluated 

immunity disorders in relation to CUP risk [31]. Due to the immune system’s (in)

ability to intercept, and the association found between immunity disorders and 

CUP occurrence, one could speculate that the immune system and CUP incidence 

are correlated.

Implications
This literature review examined various factors and showed that smoking, 

alcohol consumption, DM, and FHC appear to be associated with CUP risk. The 

heterogeneous nature of CUP as well as the lack of a specific aetiology suggest 

that CUP is not a specific entity. Indeed, it is more likely that CUP is a cluster of 

metastasised cancers, which would explain the variation in both aetiology and 

immunology.

Future CUP studies
A novel approach to study specific aspects of a disease is computational pathology. 

This approach enables scientists to use sources of information, including patients’ 

histology data, to extract patterns of cancer. Studies have used artificial intelligence 

based on both molecular information as well as routine histology slides to 

investigate the feasibility of predicting the tumour of origin in CUP patients [50]. 

This procedure could potentially reduce the extensive diagnostic work-ups that 

patients undergo. Therefore, future studies into the epidemiological risk factors of 
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CUP besides studying metastatic patterns of cancers with known primaries to learn 

about the progression model of cancers and combining them with computational 

pathology predictions for CUP could accelerate the diagnostic process and identify 

the tumour of origin so as to help personalize therapies [51-54]. 

Validity and methodological considerations of the 
epidemiological findings
CUP risk factors have rarely been studied, most probably due to the lack of a 

consistent disease definition and because of a general lack of awareness. This 

dearth of research already makes comparisons hard, but that task is made even 

harder because those studies that have been done have tended to apply different 

study designs, used different definitions of the outcome measure, used different 

exposure assessments, and differences in availability of confounder data. The lack 

of confounder data collection restricts confounder adjustments in the analyses, 

and consequently, associations may have been under- or overestimated.

Conclusions
This review has highlighted the influence of a healthy lifestyle on CUP risk, and 

shown that while there does appear to be an increased risk for smoking, there 

is only limited suggestive evidence for alcohol consumption, DM, and FHC. No 

conclusive associations can be made for anthropometry, food intake (animal or 

plant-based), immunity disorders, lifestyle (overall), physical activity, or SES and 

CUP risk. Consequently, there is insufficient epidemiological evidence to conclude 

that CUP has its own specific risk factor profile.
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Summary of the main findings
This thesis aimed to investigate the association between individual lifestyle 

components: 1) alcohol consumption, cigarette smoking, anthropometry, physical 

activity, vegetable and fruit consumption, meat consumption, family history of 

cancer, and diabetes mellitus in relation to CUP risk, and lifestyle as an overall 

component by studying: 2) whether adherence to the WRCF/AICR lifestyle 

recommendations for cancer prevention is associated with CUP risk. Finally, we 

discussed the findings of previous epidemiological studies in combination with 

those observed in the NLCS in an up-to-date comprehensive review. In this 

overview, we discuss the most important findings from the NLCS-studies and 

those of the comprehensive review. 

Alcohol consumption (dose-response relationship) and cigarette smoking appeared 

to be associated with an statistically significantly increased CUP risk (see Chapter 2) (1). 

We observed no associations for anthropometry or physical activity in relation to CUP 

development (see Chapter 3) (2). Overall, vegetable and fruit consumption did not 

appear to be associated with CUP risk (see Chapter 4) (3). Beef and processed meat 

consumption were found to be statistically significantly associated with increased 

CUP risk, whereas no associations were observed for red meat (overall), poultry, or 

fish consumption (see Chapter 5) (4). Family history of cancer was not found to be an 

independent risk factor in relation to CUP risk (see Chapter 6) (5). A non-significant 

positive association was observed between T2DM status and CUP risk (see Chapter 7) 

(6). In our adherence study, we observed that participants with the highest adherence 

to the recommendations had a statistically significant decreased CUP risk in the age 

and sex adjusted analysis (see Chapter 8) (7). In our comprehensive review, smoking 

was found to be an established increased risk factor, while limited suggestive 

evidence was observed for alcohol consumption, diabetes mellitus, and family history 

of cancer, and no conclusive associations were found for anthropometry, intake of 

foods (animal or plant-based), immunity disorders, lifestyle (overall), physical activity, 

or socioeconomic status in relation to CUP risk (see Chapter 9) (8). 
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Methodological considerations and future 
recommendations
To adequately investigate the epidemiology and aetiology of CUP, it is important to 

utilise a consistent disease definition. Until now, there is no international consensus 

on a specific CUP definition. The difference in the case-mix makes it very difficult to 

compare CUP occurrence and risk factors on a global scale as well as in time trends.

To study risk factors for CUP we utilised data from the NLCS. The NLCS was initiated 

in 1986 and participants were followed-up for 20.3 years (September 1986-December 

2006). In this timespan, the definition and criteria to register CUP cases were 

revised and updated by the NCR. In addition, the quality of NCR data depends on 

the availability of clinical data. For example, many CUP cases were not extensively 

investigated due to the age, comorbidities, performance status, localisation of the 

metastasis, and the patient’s decision. Our NLCS-dataset, therefore, consists of a 

varying case-mix based on definitions and criteria. It is also important to realise 

that both the diagnostic and pathologic accuracy of examinations improved since 

the start of the cohort study. Due to these improvements, it is very likely that 

participants with current CUP diagnoses underwent more extensive examinations 

to identify the primary tumour localisation than those available in the past. 

Furthermore, some exposure trends have changed since the start of the NLCS. 

For example, prevention measures such as reduced availability, increased costs 

via taxation, health warnings, and marketing bans were proved to be useful for 

lowering the prevalence of exposure to tobacco smoking (9, 10). Although the 

exposure to tobacco smoking decreased, alcohol consumption patterns continue 

to change internationally, while the prevalence of obesity and overweight, and 

physical inactivity has increased drastically (11, 12). This increased prevalence of 

obesity and overweight is worrying as it increases risk of chronic disease morbidity 

(including disability, depression, Type 2 diabetes mellitus, cardiovascular disease, 

and certain cancers), and disease mortality (12), whereas physical inactivity is 

known to negatively affect non-communicable diseases and mental health (11). 

The NLCS measurement was conducted at baseline in 1986, the stability of the 

dietary habits was determined from five annually repeated measurements of 

nutrient intake (13). It should be acknowledged that, currently, there is a greater 

variability and accessibility of foods and beverages compared to that in 1986, 

consequently, dietary behaviour may have subsequently changed. For example, 
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some products that were seasonal in 1986, are now available all year round. To 

acquire more knowledge on possible prevalence changes of the abovementioned 

exposures, it would be advised to repeat the execution of repeated measurements. 

Due to the increased awareness and adherence to an overall healthy lifestyle 

through diet, physical, mental and social wellbeing, it may be that the exposure 

to certain modifiable risk factors changes in time. It is, therefore, advisable to 

continue the examination of exposures in relation to CUP risk on both the national 

and international scale, and update its findings.

Another methodological consideration is the heterogeneity of the obtained data 

with respect to subtypes of CUP.  As earlier indicated, the quality of the dataset 

depends on the registrations as recorded by the cancer registry. In the NLCS-

dataset it was beneficial to have obtained the data from the cancer registry 

combined with supplementation of pathology excerpts. This supplementation 

allowed us to complete missing information and to verify the basis for diagnosis. 

In general, analyses of CUP subgroups with respect to histology, number of 

metastases, localisation of the metastasis, and survival duration may be reflective 

of clinically and aetiologically relevant classifications of primary tumour origins. For 

example, for metastases with known primary tumour origins it was observed that 

the median survival for adenocarcinoma with metastases in the large intestine and 

rectum is approximately eight months, while it is about two months for primary 

cancer of the liver (14). We have tried to conduct heterogeneity tests for the CUP 

subgroups in the NLCS-dataset. However, due to small number of participants 

per category within these subgroups, and large number of missing data, there 

was insufficient power to detect a clinical effect. For future studies, it may be very 

interesting to explore the association in a larger context to acquire more insight 

into primary tumour origins. 

Within the NLCS-analyses, we have deliberately decided to solely investigate 

epithelial CUP malignancies, thereby excluding sarcoma, lymphoma, 

mesothelioma, and melanoma. The reasoning for excluding these malignancies 

derives from their infrequent occurrence which results in too few numbers 

for reliable statistical analyses, as well as their dissimilar aetiology compared to 

tumours with known primaries. Precisely, for the reason that those malignancies 

have a different aetiology, it would be very interesting to assess whether there 

are differences between the epithelial and non-epithelial malignancies when it 
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comes to risk factors and primary tumour origins. Future studies are, therefore, 

also encouraged to assess associations in non-epithelial malignancies.

Another methodological consideration that we would like to emphasize is the 

statistical analysis of adherence to the World Cancer Research Fund (WCRF) and 

the American Institute for Cancer Research (AICR) lifestyle recommendations 

for cancer prevention in relation to CUP risk. The WCRF/AICR cancer prevention 

recommendations represent healthy lifestyle choices with respect to a healthy 

weight, physical activity, the consumption of wholegrains, vegetables, fruits, 

and beans, the limited consumption of fast foods, red- and processed meats, 

the limited consumption of sugar sweetened drinks and alcoholic beverages, 

supplement use, breastfeeding, and after a cancer diagnosis (15). In addition, they 

indicate to avoid tobacco use in any form, but the avoidance of tobacco use is not 

included as an individual measure in the cancer prevention recommendations. 

For CUP specifically, our NLCS-study (1) and other epidemiological studies have 

demonstrated that smoking is an important risk factor (16-18). In our adherence 

study, we have measured the overall adherence association while adjusting for 

age and sex, and additional adjustments for smoking (status, frequency, duration) 

and total energy intake. We checked whether there were substantial differences 

between the age and sex adjusted analysis and the multivariable analysis with 

and without adjustment for total energy intake. The comparison revealed that 

in the age and sex adjusted analysis; the highest adherence to the WCRF/AICR 

cancer prevention recommendations was statistically significantly associated with 

a decreased CUP risk, whereas the association attenuated in the multivariable 

adjusted analysis, for which the additional analysis revealed that this particular 

attenuation derived from the correction for smoking variables alone (7). Due to the 

findings of our NLCS-studies and the other epidemiological studies, we would like 

to emphasize that future studies should carefully examine lifestyle risk factors for 

CUP and the possible confounding effects stemming from exposure to smoking. 

The possibility of confounder adjustment for smoking behaviour with respect to 

status, frequency and/or duration is highly needed to correctly examine associations 

for CUP, as the effects of smoking are likely to influence the estimation, particularly 

when examining overall lifestyle components in relation to CUP development.
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Conclusion
We have investigated the association between individual lifestyle components: 

1) alcohol consumption, cigarette smoking, anthropometry, physical activity, 

vegetable and fruit consumption, meat consumption, family history of cancer, and 

diabetes mellitus in relation to CUP risk, and lifestyle as an overall component by 

studying: 2) whether adherence to the WRCF/AICR lifestyle recommendations for 

cancer prevention is associated with CUP risk. The NLCS findings indicate statistically 

significant associations between alcohol consumption, cigarette smoking, and 

meat consumption (beef and processed meats) and increased CUP risk.  We also 

found positive but non-significant associations for family history of cancer and 

diabetes mellitus in relation to CUP development, while we found no associations 

for anthropometry, physical activity, or vegetable and/or fruit consumption. Our 

adherence study showed that participants with the highest adherence to the 

WCRF/AICR lifestyle recommendations on cancer prevention have a statistically 

significant decreased CUP risk in the age and sex adjusted analysis. Findings of our 

comprehensive review revealed smoking, alcohol consumption, diabetes mellitus, 

and family history of cancer to be the most important associations in relation to 

CUP development. In conclusion, adhering to a healthy lifestyle appears to be 

beneficial in the prevention of CUP, which is of great importance as the disease is 

associated with a bleak prognosis.  
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Summary
Cancer of Unknown Primary (CUP) is a metastatic cancer with no identifiable 

primary tumour origin. In most cancer cases, there is a clear onset of the primary 

tumour and its progression, but sometimes metastases are the first symptom while 

the primary tumour cannot be found despite the completion of initial diagnostic 

workup and histological and/or cytological verification.

This thesis aimed to investigate the association between individual lifestyle 

components: 1) alcohol consumption, cigarette smoking, anthropometry, physical 

activity, vegetable and fruit consumption, meat consumption, family history of 

cancer, and diabetes mellitus in relation to CUP risk, and lifestyle as an overall 

component by studying: 2) whether adherence to the WRCF/AICR lifestyle 

recommendations for cancer prevention is associated with CUP risk. Finally, we 

discussed the findings of previous epidemiological studies in combination with 

those observed in the NLCS in an up-to-date comprehensive review. In this 

overview, we present the most important findings from the NLCS-studies and 

those of the comprehensive review. 

To study risk factors associated with CUP, we utilised data from the Netherlands 

Cohort Study on diet and cancer (NLCS). This prospective cohort includes a study 

population of 120,852 participants (58,279 men and 62,573 women) aged 55-69 years 

at baseline in 1986. Participants originated from 204 Dutch municipal population 

registries. All participants completed a mailed, self-administered questionnaire on 

dietary habits and other cancer risk factors at baseline in 1986. The questionnaire 

was evaluated for its validity and reproducibility. Incident CUP cases were identified 

through annual record linkage of the full cohort with the Netherlands Cancer 

Registry (NCR) and the Dutch Pathology Registry (PALGA). Participants were 

followed up for 20.3 years (from 17 September 1986 until 31 December 2006).

Alcohol consumption and cigarette smoking appeared to be associated with 

an increased CUP risk (see Chapter 2). For alcohol consumption, we observed a 

dose-response relationship, which reflects participants with the highest ethanol 

intake levels to have a higher CUP risk. The sex-stratified analysis revealed that 

men with the highest intake level of ethanol had an even higher CUP risk, while 

the association slightly attenuated in women. Cigarette smoking status, cigarette 

smoking frequency, cigarette smoking duration, and time since cigarette smoking 

cessation were all found to be statistically significantly associated with increased 
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CUP risk. For these smoking variables, we also found dose-response relationships 

which indicate that the more a participant is exposed to smoking, the higher the 

CUP risk gets. 

Our findings indicated that neither anthropometry nor physical activity are 

associated with CUP risk (see Chapter 3). We investigated various aspects of 

anthropometry including height, BMI at baseline, BMI at age 20 years, change in 

BMI since age 20 years, and clothing size (trouser size for men/skirt size for women), 

we found none of these variables to be associated with CUP risk. Physical activity 

was measured through a non-occupational physical activity value, for which no 

association with CUP risk was found. 

Overall vegetable and fruit consumption did not appear to be associated with CUP 

risk (see Chapter 4). We have evaluated the consumption of combined groups 

of vegetables and fruits as well as individual items. We observed no associations 

between total vegetable and fruit consumption, total vegetables, cooked 

vegetables, raw vegetables, legumes, brassica vegetables, allium vegetables, 

cooked leafy vegetables, total fruits, or citrus fruits in relation to CUP risk. The 

consumption of raw leafy vegetables appeared to decrease CUP risk, although this 

may be a chance finding. Individual vegetable and fruit items did neither appear 

to be associated with CUP risk.

Beef and processed meat consumption were found to be statistically significantly 

associated with increased CUP risk (see Chapter 5). The sex-stratified analysis 

indicated that the association with beef and processed meat consumption and CUP 

risk became stronger in women and remained statistically significant. For men, the 

association between processed meat consumption and CUP risk was no longer 

statistically significant, albeit the association was still positive. No associations were 

observed between red meat (overall), poultry, or fish consumption and CUP risk. 

Family history of cancer was not found to be an independent risk factor within 

our study (see Chapter 6). We did observe a moderately increased CUP risk in 

participants who reported a sibling with cancer compared to those who did not, 

and we found a slightly increased CUP risk in participants with a family history 

of cancer in a sister. No association was seen for parents or participants with a 

brother with family history of cancer. CUP did not appear to be associated with 

family history of cancer of breast, ovarian, endometrial, bowel, stomach, lung, 

prostate, bladder, pancreas, head and neck, lymphoma and/or leukaemia. We did 
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observe a reduced CUP risk in participants who reported a family history of kidney 

cancer, though this was only based on three cases. This finding may, therefore, be 

a chance finding. 

A non-significant positive association between T2DM status and CUP risk was 

observed in our study (see Chapter 7). The sex-stratified analysis revealed that the 

association became stronger in women. Participants who were aged <50 years at 

diagnosis of T2DM were found to have a statistically significant increased CUP risk, 

which again became markedly stronger in women alone.

In another study, we investigated whether adherence to the WCRF/AICR lifestyle 

recommendations on cancer prevention was associated with CUP risk. We 

examined adherence with respect to body fatness, physical activity, plant foods, 

meat consumption and alcohol. We observed that participants with the highest 

adherence to the recommendations had a statistically significant decreased CUP 

risk in the age and sex adjusted analysis (see Chapter 8). In the multivariable analysis, 

we observed that the association between adherence to the recommendations 

and CUP risk was no longer statistically significant after additional adjustments 

for smoking behaviour. Participants with the highest adherence for the 

recommendations on meat (red and processed meats) and alcohol consumption 

were found to have a statistically significantly decreased CUP risk. Adherence to 

the recommendations with respect to body fatness, physical activity, or intake of 

plant foods was not associated with CUP risk.

In our comprehensive review, we systematically searched for epidemiological 

studies on possible CUP risk factors (see Chapter 9). The existing epidemiological 

evidence describes associations between smoking, family history of cancer, 

diabetes mellitus, waist circumference, and immunity disorders in relation to CUP 

risk, whereas weaker associations were found for alcohol consumption, educational 

attainment, and no associations were found for intake of animal- or plant-based 

foods. To evaluate the risk factors observed in the NLCS-studies and the existing 

epidemiological evidence, we utilised the grading criteria as evidence for cancer 

prevention as reported by the WCRF; ranging from convincing to limited-no 

conclusion evidence. By applying these grading criteria, smoking appears to be an 

established increased risk factor for CUP, while limited suggestive evidence was 

found for alcohol consumption, diabetes mellitus, and family history of cancer, 

while no conclusive associations were found for anthropometry, intake of foods 
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(animal or plant-based), immunity disorders, lifestyle (overall), physical activity, or 

socioeconomic status in relation to CUP risk. 

This thesis closes with a summary of the main findings, methodological 

considerations and future recommendations, and conclusion. Overall, our studies 

revealed smoking, alcohol consumption, diabetes mellitus, and family history of 

cancer to be the most important associations in relation to CUP development. In 

conclusion, adhering to a healthy lifestyle appears to be beneficial in the prevention 

of CUP, which is of great importance as the disease is associated with a bleak 

prognosis.  
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Samenvatting (NL)
Primaire Tumor Onbekend (PTO) is een uitgezaaide kanker zonder identificeerbare 

primaire tumoroorsprong. In de meeste gevallen van kanker is er een duidelijk 

begin van de primaire tumor en zijn progressie, maar soms zijn metastasen het 

eerste symptoom terwijl de primaire tumor niet kan worden gevonden ondanks 

de voltooiing van initiële diagnostische onderzoeken en histologische en/of 

cytologische verificatie. 

Dit proefschrift had tot doel het verband te onderzoeken tussen individuele 

leefstijlcomponenten: 1) alcoholconsumptie, het roken van sigaretten, 

antropometrie, lichamelijke activiteit, groente- en fruitconsumptie, 

vleesconsumptie, familiegeschiedenis van kanker, en diabetes mellitus in relatie 

tot PTO-risico, en leefstijl als een algemeen onderdeel door te bestuderen: 2) 

of naleving van de WRCF/AICR-leefstijlaanbevelingen voor kankerpreventie 

geassocieerd is met PTO-risico. Ten slotte bespraken we de bevindingen van 

eerdere epidemiologische onderzoeken in combinatie met die waargenomen in 

de NLCS in een uitgebreid review. In dit overzicht presenteren we de belangrijkste 

bevindingen uit de NLCS-onderzoeken en die van het uitgebreide review.  

Om risicofactoren geassocieerd met PTO-risico te bestuderen, gebruikten we 

gegevens van de Nederlandse Cohortstudie naar voeding en kanker (NLCS). Dit 

prospectieve cohort omvat een studiepopulatie van 120.852 deelnemers (58.279 

mannen en 62.573 vrouwen) in de leeftijd van 55-69 jaar in 1986. De deelnemers 

waren afkomstig uit 204 Nederlandse gemeentelijke bevolkingsregisters. 

Alle deelnemers vulden een uitgestuurde, zelf ingevulde vragenlijst in over 

voedingsgewoonten en andere risicofactoren voor kanker in 1986. De vragenlijst 

werd geëvalueerd op validiteit en reproduceerbaarheid. Incidente PTO-gevallen 

warden geïdentificeerd door jaarlijkse registratiekoppeling van het volledige 

cohort met het Integraal Kankercentrum Nederland (IKNL) en de Nederlandse 

Pathologieregistratie (PALGA). De deelnemers werden 20,3 jaar gevolgd (van 17 

september 1986 tot 31 december 2006).

Alcoholconsumptie en het roken van sigaretten bleken geassocieerd te zijn met 

een verhoogd PTO-risico (zie hoofdstuk 2). Voor alcoholconsumptie hebben we 

een dosis-responsrelatie waargenomen, die weerspiegelt dat deelnemers met 

de hoogste ethanolinname een hoger PTO-risico hebben. In de naar geslacht 

gestratificeerde analyse bleek dat mannen met de hoogste inname van ethanol 
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een nog hoger PTO-risico hadden, terwijl de associatie bij vrouwen enigszins afnam. 

Het roken van sigaretten, de frequentie van het roken van sigaretten, de duur van 

het roken van sigaretten en de tijd sinds het stoppen met roken bleken allemaal 

statistisch significant geassocieerd te zijn met een verhoogd PTO-risico. Voor deze 

rookvariabelen vonden we ook dosis-responsrelaties die aangeven dat hoe meer 

een deelnemer wordt blootgesteld aan roken, hoe hoger het PTO-risico wordt. 

Onze bevindingen gaven aan dat zowel antropometrie en lichamelijke activiteit 

niet geassocieerd zijn met PTO-risico (zie hoofdstuk 3). We hebben verschillende 

aspecten van antropometrie onderzocht, waaronder lengte, BMI bij baseline, BMI 

op 20-jarige leefijd, verandering in BMI sinds 20-jarige leeftijd en kledingmaat 

(broekmaat voor mannen/rokmaat voor vrouwen), géén van deze variabelen waren 

geassocieerd met PTO-risico. Lichamelijke activiteit werd gemeten door middel 

van een niet-beroepsmatige fysieke activiteitswaarde, waarvoor geen verband 

werd gevonden met PTO-risico. 

De totale groente- en fruitconsumptie leek niet geassocieerd te zijn met PTO-

risico (zie hoofdstuk 4). We hebben de consumptie van gecombineerde groepen 

groente en fruit en die van individuele items geëvalueerd. We hebben geen 

verband gevonden tussen totale groente- en fruitconsumptie, totale groenten, 

gekookte groenten, rauwe groenten, peulvruchten, koolsoorten, alliumgroenten, 

gekookte bladgroenten, totaal fruit of citrusvruchten in relatie tot PTO-risico. De 

consumptie van rauwe bladgroenten bleek het PTO-risico te verminderen, hoewel 

dit een toevalsbevinding kan zijn. Individuele groente- en fruititems leken niet 

geassocieerd te zijn met CUP-risico.

De consumptie van rundvlees en bewerkt vlees bleek statistisch significant te zijn 

geassocieerd met een verhoogd PTO-risico (zie hoofdstuk 5). In de naar geslacht 

gestratificeerde analyse bleek dat de associatie van rundvlees en bewerkt vlees 

in relatie tot PTO-risico toenam bij vrouwen en statistisch significant bleef. Voor 

mannen was het verband tussen de consumptie van bewerkt vlees en PTO-risico 

niet langer statistisch significant, hoewel het verband nog steeds positief was. Er 

werden geen associaties gevonden tussen rood vlees (algemeen), gevogelte of 

visconsumptie en PTO-risico. 

De familiegeschiedenis van kanker bleek in ons onderzoek geen onafhankelijke 

risicofactor te zijn (zie hoofdstuk 6). We zagen wel een matig verhoogd PTO-risico 

bij deelnemers die een broer of zus met kanker rapporteerden in vergelijking 
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met degenen die dat niet deden, en we vonden een licht verhoogd PTO-risico 

bij deelnemers met een familiegeschiedenis van kanker bij een zus. Er werd 

geen associatie gezien voor ouders of deelnemers met een broer met een 

familiegeschiedenis van kanker. PTO bleek niet geassocieerd te zijn met een 

familiegeschiedenis van borst-, eierstok-, endometrium-, darm-, maag-, long, 

prostaat-, blaas-, pancreas-, hoofd-halskanker, lymfoom en/of leukemie. We 

hebben wel een verminderd PTO-risico waargenomen bij deelnemers die een 

familiegeschiedenis van nierkanker meldden, hoewel dit slechts op drie gevallen 

was gebaseerd. Deze bevinding kan daarom een toevalsbevinding zijn. 

In onze studie werd een niet-significante positieve associatie tussen T2DM-status 

en PTO-risico waargenomen (zie hoofdstuk 7). In de naar geslacht gestratificeerde 

analyse bleek dat de associatie sterker werd bij vrouwen. Deelnemers die bij de 

diagnose van T2DM <50 jaar oud waren, bleken een statistisch significant verhoogd 

PTO-risico te hebben, dat opnieuw duidelijk sterker werd bij vrouwen.

In een andere studie hebben we onderzocht of het naleven van de WCRF/AICR 

leefstijlaanbevelingen voor kankerpreventie geassocieerd was met PTO-risico. We 

onderzochten naleving van het advies met betrekking tot lichaamsvet, lichamelijke 

activiteit, plantaardige voeding, vleesconsumptie en alcohol. We zagen dat 

deelnemers met de hoogste naleving van de aanbevelingen een statistisch 

significant verminderd PTO-risico hadden in de leeftijd- en geslachtsgecorrigeerde 

analyse (zie hoofstuk 8). In de multivariabele analyse zagen we dat de associatie 

tussen het opvolgen van de aanbevelingen en het PTO-risico niet langer statistisch 

significant was na aanvullende correcties voor rookgedrag. Deelnemers met de 

hoogste naleving van de aanbevelingen voor vlees (rood en bewerkt vlees) en 

alcoholconsumptie bleken een statistisch significant verminderd PTO-risico 

te hebben. Naleving van de aanbevelingen met betrekking tot lichaamsvet, 

lichamelijke activiteit of inname van plantaardige voeding was niet geassocieerd 

met PTO-risico.

In ons uitgebreide review hebben we systematisch gezocht naar epidemiologische 

studies over mogelijke PTO-risicofactoren (zie hoofdstuk 9). Het bestaande 

epidemiologische bewijs beschrijft associaties tussen roken, familiegeschiedenis 

van kanker, diabetes mellitus, middelomtrek, en immuniteitsstoornissen in 

relatie tot PTO-risico, terwijl er zwakkere associaties werden gevonden voor 

alcoholconsumptie, opleidingsniveau, en geen associaties werden gevonden 
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voor de inname van dierlijke of plantaardige voeding. Om de risicofactoren die 

zijn waargenomen in de NLCS-onderzoeken en het bestaande epidemiologische 

bewijs te evalueren, hebben we de beoordelingscriteria gebruikt als bewijs voor 

kankerpreventie zoals gerapporteerd door het WCRF; variëren van overtuigend tot 

beperkt-geen conclusie-bewijs. Door deze beoordelingscriteria toe te passen, lijkt 

roken een gevestigde verhoogde risicofactor voor PTO te zijn, terwijl er beperkt 

suggestief bewijs werd gevonden voor alcoholconsumptie, diabetes mellitus, en 

familiegeschiedenis van kanker, terwijl er geen overtuigende associaties werden 

gevonden voor antropometrie, inname van voeding (dierlijk of plantaardig), 

immuniteitsstoornissen, levensstijl (algemeen), lichamelijke activiteit of 

sociaaleconomische status in relatie tot PTO-risico.

Dit proefschrift wordt afgesloten met een samenvatting van de belangrijkste 

bevindingen, methodologische overwegingen en toekomstige aanbevelingen, 

en conclusie. Over het algemeen lieten de onderzoeken zien dat roken, 

alcoholconsumptie, diabetes mellitus, en familiegeschiedenis van kanker de 

belangrijkste associaties zijn met betrekking tot het ontwikkelen van PTO. 

Concluderend blijkt het aanhouden van een gezonde leefstijl gunstig te zijn bij het 

voorkomen van PTO, wat van groot belang is omdat de ziekte gepaard gaat met 

een sombere prognose. 
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Impact
CUP is a complex malignancy due to its heterogeneous nature, classification and 

vulnerable patient group. The prognosis for CUP patients is bleak and the great 

majority of patients do not survive one year after diagnosis. In general, cancer 

treatment(s) is targeted on the primary tumour origin, however, due to the inability 

of identifying the origin, it may be more beneficial to focus on disease prevention. 

Globally, approximately 42-50% of cancers could be prevented if modifiable 

risk factors are being addressed appropriately (1). Hence, the identification of 

risk factors associated with CUP may guide preventative methods. To acquire 

knowledge on risk factors that are associated with CUP, we investigated risk factors 

that have been associated with cancers of known primary sites such as alcohol 

consumption, cigarette smoking, anthropometry, physical activity, vegetable and 

fruit consumption, meat consumption, family history of cancer, and diabetes 

mellitus. These risk factors are investigated as individual components but also as 

an overall lifestyle. The findings of our individual component investigations indicate 

that cigarette smoking, alcohol consumption (dose-response relationship), and 

the consumption of beef and processed meat (predominantly in women) are 

associated with increased CUP risk in the NLCS. Positive associations were also 

seen for family history of cancer in siblings, and diabetes mellitus, although 

these were statistically non-significant. No associations were observed between 

anthropometry, physical activity, or vegetable and fruit consumption in relation 

to CUP risk. Findings of our overall lifestyle investigation indicate that adhering 

to lifestyle recommendations for cancer prevention applies to reducing CUP risk 

as well. To compare our findings with the existing epidemiological evidence on 

CUP risk factors we have written a comprehensive review that could be included in 

future evidence-based guidelines for cancer prevention of CUP. Our study findings 

may be useful for the Continuous Update Project which is continuously updated 

by the World Cancer Research Fund (WCRF) and American Institute for Cancer 

Research (AICR), in which cancer prevention recommendations, as well as public 

health and policy implications concerning lifestyle factors in relation to cancer 

risk, are systematically reviewed (2). Scientific evidence concerning CUP is not yet 

included in their summary of evidence as there was insufficient data available, 

consequently, our results together with the existing epidemiological evidence 

as discussed in our comprehensive review may be included in future Continuous 

Update Projects. In addition, to raise more awareness about CUP and its associated 

risk factors, knowledge sharing is essential. 
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In 2012, the first oncology guidelines for CUP patients were published in the 

Netherlands, which became the start of all developments for CUP patients 

today. Since 2014, various patient organisations put their effort into raising CUP 

awareness. In the course of this PhD-project, patient organisations from the 

United Kingdom (CUP Foundation Jo Symons), Ireland (Sarah Jennifer Knott 

Foundation) and the Netherlands (Missie Tumor Onbekend) organised the first 

World CUP Awareness Week in September 2021. We were very pleased to have 

received the opportunity to disseminate our study findings at this conference. In 

the Netherlands specifically, Missie Tumor Onbekend and the Dutch Federation 

for Cancer Patients Organisation (Nederlandse Federatie van Kankerpatiënten 

Organisaties) put effort into collaborations with the Dutch Society for Medical 

Oncology (Nederlandse Vereniging voor Medische Oncologie), Dutch Society for 

Pathology (Nederlandse Vereniging voor Pathologie), Hartwig Medical Foundation 

and Dutch health insurers. Those collaborations aim to standardise the necessary 

diagnostic examinations and to shorten the diagnostic process into a maximum 

length of 6 weeks, alongside the accessibility to advanced molecular diagnostics 

for all patients regardless of the hospital where the patient was initially examined. 

In October 2021, a national multimedia campaign was released in the Netherlands 

which promoted CUP awareness on a considerable scale. This increased awareness 

was especially valued by the patient organisation, as it gave recognition to the 

disease, but also indicated the need for action. Another important asset in this 

PhD-project, are the collaborations with external researchers: Caroline Loef from 

the Netherlands Cancer Registry, Fatemeh Kazemzadeh and Iris Nagtegaal from 

the Department of Pathology at the Radboud University Medical Centre, and 

contributors: Warnyta Minnaard and Francine van der Heijden from the patient 

organisation Missie Tumor Onbekend. Together with their inputs, we were able 

to write a comprehensive review of CUP risk factors. Due to the increased CUP 

awareness, and networking between researchers and medical doctors, there has 

been a start of outpatient clinics for CUP patients throughout the country. The 

first outpatient clinics were opened in the Netherlands Cancer Institute/Antoni 

van Leeuwenhoek hospital (Amsterdam) and Erasmus University Medical Center 

(Rotterdam), and more hospitals are following. Until now, the utilisation of whole-

genome sequencing (WGS) is not part of routine care yet, due to improper 

arrangements for reimbursements. This technique is particularly useful to guide 

tumour-targeted treatments and therefore CUP patients may substantially benefit 

from its perspectives. The Dutch Federation for Cancer Patients Organisation is 
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advocating for more rapid implementations of DNA techniques as well as proper 

reimbursements of these investigations, and in which hospitals the investigations 

are being conducted. The initiation of the outpatient clinics enlarges the opportunity 

for CUP patients to be directed to the best possible care. The wider availability of 

WGS and proper reimbursements would make it easier for CUP patients to receive 

treatment perspectives and therapies in nearby located hospitals.

To further disseminate CUP knowledge on an international scale, the International 

Agency for Research on Cancer (IARC), as part of the World Health Organisation 

(WHO) of the United Nations (UN) could play an important role in further extending 

knowledge on CUP by disseminating the findings of our investigations, as their 

organisation influences global cancer control policies (3). On a national scale, it 

is beneficial to share our study findings with informative news outlets such as 

Koningin Wilhelmina Fonds (KWF)-kankerbestrijding, Wereld Kanker Onderzoek 

Fonds, Volksgezondheid en Zorg, and voeding&kankerinfo. 

Knowledge transfer
The scientific evidence obtained from this study has been published in peer-

reviewed journals. All articles were published open access to maximise accessibility 

to its results at no cost. In addition, results were presented at international and 

national scientific conferences such as the GROW-Science Day in Maastricht, 

the Netherlands (2019, 2020, 2021), in the masterclass Nutrition and Cancer 

in Wageningen, the Netherlands (2019), at the virtual conference on Cancer 

Prevention organised by the German Cancer Research Center (2020), at the Dutch 

Epidemiological Conference (WEON) (2020, 2021), at the virtual annual meeting 

of the American Association for Cancer Research (2021), at the virtual World CUP 

Awareness Week (2021), and Science Day MUMC+ (2021). Findings and interviews 

have also been shared on several national news outlets such as the Netherlands 

Cancer Registry, the Dutch World Cancer Research Fund (Wereld Kanker Onderzoek 

Fonds), and patient organisations (Missie Tumor Onbekend & Patiëntenplatform 

Zeldzame Kankers); to raise more awareness about the disease and its associated 

risk factors.  
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Conclusion
In this thesis, we have investigated various risk factors in relation to CUP risk. 

The results of our studies can be used by other researchers as it contributes to 

the current epidemiological evidence of CUP. Within the time frame of this PhD 

project, a lot of CUP awareness has been raised both internationally and nationally. 

This increased awareness has brought together essential stakeholders that can 

have a major influence on the prognosis for future CUP patients. We hope that, 

together with these stakeholders, our work can contribute to reducing the disease 

occurrence.
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Dankwoord
Gedurende mijn promotietraject heb ik mij kunnen ontwikkelen als onderzoeker, 
maar ook als persoon. Ik ben dan ook erg dankbaar voor de mogelijkheden die 
hiervoor beschikbaar waren en voor de steun van de mensen om mij heen.

Promotieteam
Allereerst wil ik de leden van mijn promotieteam, Leo, Piet en Caroline, bedanken. 

Zonder jullie bijdragen en feedback zou het niet gelukt zijn om tot dit mooie 

eindresultaat te komen. 

Leo, bedankt voor je vertrouwen om mij aan te stellen als promovenda voor dit 

onderzoek. De afgelopen vier jaar zijn voorbij gevlogen. Ik heb met heel veel plezier, 

samen met jou, aan dit project gewerkt. We hebben ontzettend veel digitale 

meetings gehad, desondanks heb ik het als een hele prettige samenwerking 

ervaren. Je stond altijd voor mij klaar als dat nodig was, of dit nou werkgerelateerd 

of om privésituaties ging, daar ben en blijf ik je enorm dankbaar voor. We hebben 

veel leuke en diepgaande discussies gehad over het onderzoek, maar ook over 

egels en vleermuizen in de tuin. In de meeste overleggen hadden we genoeg te 

bespreken, maar het kwam ook wel eens voor dat er weinig agendapunten op de 

planning stonden. We dachten dan dat we met deze overleggen het snelst klaar 

zouden zijn, maar de tijd heeft geleerd dat we in die gevallen vaak zelfs uitlooptijd 

wisten te behalen. Mede doordat we allebei door enthousiasme bleven praten, 

vooral als het ging om Leudal en de Meinweg. Ik kijk ook terug op een gezellige 

avond toen ik met Jeroen mocht langskomen bij jou thuis, waar we je vrouw 

mochten ontmoeten en waar jij je heerlijke kook-skills hebt gepresenteerd! Ook 

zijn we met de trein naar de CUP-conferentie in Londen gegaan waar we, samen 

met Caroline en Laura van het IKNL, kennis hebben gemaakt met een aantal 

internationale collega’s. Graag wil ik je bedanken voor de mogelijkheden die je 

mij hebt geboden gedurende het promotietraject, waarbij ik een aantal cursussen 

mocht volgen, conferenties mocht bijwonen en waarin ik met veel plezier stagiair(e)s 

mocht begeleiden. Je motivatie en steun daarin waren onmisbaar! 

Piet, ik wil je graag bedanken voor jouw steun, evenals je kritische en waardevolle 

feedback. Jouw deskundigheid heeft ertoe geleid dat we de kwaliteit van de 

onderzoeken tot een hoger niveau konden brengen. Ik heb dan ook veel van je 
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geleerd als onderzoeker en neem dit in mijn carrière mee. Ook wil ik je bedanken 

voor de ervaring om tutor te mogen zijn in het masterblok Observational Research, 

zowel als tutor en student zijnde heb ik daar heel veel van geleerd. Ik deel nog 

steeds de mening dat de NLCS een hele mooie studie is en ik ben ook nog steeds 

heel dankbaar dat ik deel heb mogen uitmaken van het team.

Caroline, ook jou wil ik graag bedanken voor onze prettige samenwerking. Ik heb 

ontzettend veel van je geleerd, middels je feedback die vanuit een ander oogpunt 

kwam (kankerregistratie), maar ook van je enthousiasme om PTO op de kaart te 

zetten en niet geheel onbelangrijk; van jouw hartelijkheid als mens! Ik bewonder 

het enorm hoe jij in de afgelopen jaren de handen uit de mouwen hebt gestoken 

om samen met de patiëntenvereniging van PTO, aandacht te vragen voor de ziekte 

zowel nationaal als internationaal. Dankzij jouw inzet om de juiste ‘koppen bij 

elkaar te brengen’ zoals je dit vaak zo mooi benoemd, weet ik zeker dat er nog veel 

resultaten te behalen zijn voor PTO-patiënten. Ook al werk jij vanuit het noorden 

van het land (Friesland), was jij met je gedachte vaak ook in het zonnige zuiden 

(Limburg), of het nou ging om natuurbrand, overstroming, of steun in moeilijke 

tijden, jij was er altijd! Enorm bedankt!

Beoordelingscommissie
De leden van de beoordelingscommissie, prof. V. Tjan-Heijnen, prof. B. Kremer, 
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